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REMARKS 

Claims 45 and 46 have been cancelled. Claims 1-44 p and 47-49 are now 
pending in the application. Claims 1, 3, 4, 5, 6, 8 F 11, 12, 13, 14, 16, 17 t 18, 19, 20, 21, 
22, 23, 24, 25, 27, 30, 31, 32, 33, 35, 36, 37, 40, 41, 42, 43, 47, 48, and 49 have been 
amended. No new matter has been added by amendment. Reexamination and . 
reconsideration of the claims as amended are respectfully requested. 

CLAIM OBJECTIONS 

1) Examiner objects to claims 8 and 27 under 37 CFR 1.75(c) as being in 
improper form because a multiple dependent claim should only refer to other claims in 
the alternative. Claims 8 and 27 have been amended and no longer refer to two claims. 
The amendments place claims 8 and 27 in proper form. 

REJECTIONS - DOUBLE PATENTING 

2) Examiner rejects claims 1-49 under the "doctrine of obviousness-type double 
patenting as being unpatentable over claims 1-27 of U.S. Patent No. 6,124,534 (534'). n 
Applicant traverses the rejection. Examiner states, " Although the conflicting claims are 
not identical, they are not patentably distinct from each other because they both appear 
to be drawn to the same maize seeds, plants, plant parts and methods. The instantly 
claimed plants and the patented plants have different designations. The designation 
'PH3PV' of the instantly claimed cultivar is arbitrarily assigned, and does not provide any 
patentable distinction from the cultivar claimed in 4 534, PH1K2. Any differences 
between PH3PV and PH1K2 are due to minor morphological variations that do not 
confer patentable distinction." Applicant points out that the designation "PH3PV" of the 
instantly claimed cultivar is not arbitrarily assigned. PH3PV seed has been deposited 
with the ATCC and the specification and the appropriate claims have been amended to 
include the ATCC deposit number. Applicant also points out that the differences 
between PH3PV and PH1 K2 are not "minor morphological variations". On page 17 of 
the specification it states that hybrids made with PH3PV have a relative maturity of 
approximately 85 days. In column 10, lines 65-67 of the '534 patent it states that 
hybrids made with PH4TF have a relative maturity of approximately 94 days. Other 
differences are taken from Table 1 of the specification and Table 1 of the '534 patent 
and are listed in the following table. 
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PH3PV 


PH1K2 


1711 hp^t linit^ f mm ra m & tn &.r\/*~& -fn KCiOjL rs turtle- ii* (vill* 
1 \ \ Ileal hmIw H VI M ^FTje*9V"W'? v? 9U*w piartlS In SHK 


1 ,239 heat units from emergence to 50% plants in silk 


'i^tv "Cfli From emergence to jUtd plants In pulIGn 


1,223 heat units from emergence to 50% plants in polfen 


5.3 — pollen shed rating 


7.2 » pollen shed rating 


Miiuicr uutui — pinK 


Anther color = red 


Silk color = pink 


^ilk m\nr — tori 


ear taper \% average 


Ear taper is extreme 


5 =* Northern leaf blight rating 


3 - Northern leaf blight rating 


A = Eyespot rating 


7 - Eyespot rating 


6 = Stewart's Wilt rating 


5 = Stewart s Wilt rating 


5 = Goss's Witt rating 


8 = Goss's Wilt rating 


5 * Fusarium Ear and Kernel Rot 


8 - Fusarium Ear and Kernel Rot 


4,246 Kg/ha yield 


6,225 Kg/ha yield 



The examples and the list are not exhaustive but they give ample evidence that the 
inventions are not the same. Nor are they minor variations of each other. 

Examiner goes on to state that, 'The instantly claimed plants that are derived 
from crosses and breeding programs involving PH3PV or plants having the same 
morphofogical and physiological characteristics of PH3PV, and plants produced by 
genetic transformation of PH3PV, are not patentably distinct from the patented plants 
that are derived from crosses and breeding programs involving PH1K2 or plants having 
the same morphological and physiological characteristics of PH1K2, and plants 
produced by genetic transformation of PH1K2." Applicant respectfully disagrees with 
the Examiner. Applicant submits that PH3PV is clearly differentiated from PH1K2. One 
would not be able to obtain PH3PV through modification of the maize inbred taught in 
patent '534because PH3PV comprises a unique and nonobvious combination of 
previously unknown and nonobvious genetics. Further, plants derived from PH3PV are 
also dearly differentiated. The com genome contains enormous complexity, and it is 
not possible that the claimed plants derived from PH3PV could be produced without the 
use of PH3PV. In particular, PH1K2 could not be substituted as the starting material to 
produce the claimed plants derived from PH3PV. For example, a plant that is one 
cross away from PH3PV would retain, on average, 50% of its genetic contribution from 
PH3PV. These genetics would comprise linkage groups and polymorphisms unique to 
PH3PV, as it would be impossible to completely remove the contribution of PH3PV to its 
progeny within one breeding cycle. 

Examiner goes on to state that, M The instantly claimed methods are also not 
patentably distinct from the patented methods, as the plants used in the methods are 
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not patentably distinct, and involve the same steps," Applicant points out that the use of 
the unique invention PH3PV in the breeding process is, in itself, an improvement of the 
breeding process. The Applicant has assembled a unique combination of genetics in 
PH3PV that benefits those using PH3PV as starting material in a breeding program. 

Examiner goes on to state that, "The claims of '534 include a method of 
producing a maize plant comprising crossing a maize plant, having all the morphological 
and physiological characteristics of PH1K2 wherein the plant has been transformed with 
a transgene, with a non-transformed plant of line PH1K2, As the transgene would be 
transferred to the non-transformed plant, and as the transgene would affect a plant trait, 
it is obvious that this plant product of this cross can be considered as comprising a 
single gene conversion. A patent issuing from the instant application would then 
effectively extend the term of the claims of l 534." Applicant points out that PH3PV and 
PH1K2 are not the same invention nor is PH3PV a minor derivation of PH1K2. 
Applicant further points out that PH3PV is not a PH1 K2 plant comprising a single gene 
conversion. Please see evidence of such, stated above. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 due to double patenting or provide 
some clear evidence to establish why PH3PV would have been obvious over PH1K2. 
See In re Kaplan, 789 F. 2d 1580,229 U.S.P.Q. 683. 

REJECTIONS UNDER 35 LLS.C. § 1 1 2, SECOND PARAGRAPH 

3) Examiner rejects claims 1-49 under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Examiner states that, "The recitation 'PH3PV in claims 1, 6, 12, 14, 21, 25, 31, 
33, 37, 40-42, and 44*46 render the claims and those dependent thereon indefinite. 
Since the name l PH3PV is not known in the art, the use of said name does not carry 
art-recognized limitations as to the specific or essential characteristics that are 
associated with that denomination.... Amending claims 1, 6, 21, 25, 37, and 40 to 
include recite the ATCC deposit number in which seed of corn inbred line PH3PV has 
been deposited would overcome the rejection." Claims 1, 6, 21, 25, 37, and 40 have 
been so amended by deleting the blank spaces and inserting the ATCC deposit number. 
The specification has also been amended to include the terms of the deposit for PH3PV. 
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A copy of the ATCC deposit receipt is included in this response. These actions obviate 
the rejection. 

Examiner states that, "In claims 14, 33, 41, 45. and 46: the terms 'very good,' 
'early,' and 'good,' are relative terms that have no definite meaning.... Applicant has 
amended claims 33 and 41 in part by removing such terms as indicated by the 
Examiner. Claims 45 and 46 have been deleted. Applicant has amended claim 14 to 
read, "A maize plant, or parts thereof, wherein at least one ancestor of said maize plant 
is the maize plant of claim 2, said maize plant expressing a combination of at least two 
PH3PV traits which are not significantly different from PH3PV traits when determined at 
the 5% significance level and when grown in the same environmental conditions, said 
PH3PV traits selected from the group consisting of; a relative maturity of 85 based on 
the Comparative Relative Maturity Rating System for harvest moisture of grain, yield, 
flowering time, dry down, stalk lodging resistance, root lodging resistance, and test 
weight of grain." Applicant points out that claim 14 has been amended to clearly define 
the traits of PH3PV that could be found in a maize plant produced from PH3PV. 
Applicant has amended the claim using the term "not significantly different from PH3PV 
traits when determined at a 5% significance level..." as a definitive term. In the 
specification pages 38-45, the tables show mean trait values. The standards against 
which the listed traits should be compared are the mean values for those traits exhibited 
by PH3PV or a maize plant produced from PH3PV in a side-by-side comparison or 
under other similar environmental conditions. For example, on page 36 lines 2-6 of the 
specification it discusses that PH3PV demonstrates significantly lower harvest moisture 
of grain when compared to PHTD5. The Applicant would also like to point out that one of 
ordinary skill in the art of plant breeding would know how to evaluate the traits of two 
inbred maize lines to determine if they are not significantly different to a 5% significance 
level in the expression of a given trait. On pages 275-276 in Principles of Cuith/ar 
Development (1987) Fehr writes "Two or more independent comparisons of lines in a 
test provide a means of estimating whether variation in performance among lines is due 
to differences in genetic potential or to environmental variation." A copy of Fehr, pages 
261-286, is attached to this Amendment and Request for Reconsideration as Appendix 
A. As was done by the Applicant in the specification, mean trait values would be used 
to determine whether the trait differences are significant. Further, the claims, as 
amended, require that the traits be measured on plants grown in the same 
environmental conditions. These amendments obviate the rejection. 
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Examiner states that, in claims 16 and 35: the claims are indefinite for improper 
antecedent basis. The claims indicate that they are directed to the com plant breeding 
program of claims 15 and 35, respectively. However, claims 15 and 35 are directed to 
methods not programs. It is suggested that the recitation "com plant breeding program" 
in line 1 of claims 16 and 35 be replaced with -method-. Claims 16 and 35 have been 
so amended thus obviating the rejection. 

Examiner states that, "In claims 18, 19, 48, and 49: the claims are indefinite for 
improper antecedent basis. The claims indicate that they are directed to the single gene 
conversion(s) of claims 18 or 47. However, claims 18 and 47 are directed to maize 
plants. • Applicant has amended claims 19 and 20 that depend from claim 18 and 
claims 48 and 49 that depend from claim 47, thus obviating the rejection. 

Applicant points out that claims 4 and 23 have been amended to delete the 
words "of regenerate" and now read, "A tissue culture of cells from the plant of claim 2 
[21]." These amendments were made for clarification purposes. 

Applicant points out that claims 5 and 24 have been amended to delete the word 
"the" and inserted the words *of the tissue culture". These amendments were made for 
clarification purposes. 



REJECTIONS UNDER 35 U.S.C. § 112, FIRST PARAGRAPH 

4) Examiner states that, "Claims 3, 9-14, 17-20, 22, 28-33, 36-39, 41-49 are 
rejected under 35 U.S.C.112, first paragraph, as containing subject matter which was 
not described in the specification in such a way as to reasonably convey to one skilled in 
the relevant art that the inventor(s), at the time the application was filed, had possession 
of the claimed invention. " Applicant traverses these rejections. 

The Examiner goes on to state that, "....the specification does not describe 
PH3PV as being male sterile. The specification discusses how plants may be 
manipulated to be male sterile (page 2, line 21 to page 3, line 14). However, the 
morphological and physiological description of plant PH3PV described in the 
specification does not indicate that it is male sterile." Applicant points out that the 
specification describes how plants may be manipulated to be male sterile, not only on 
page 2, line 21 to page 3, line 14, but also on page 1, line 35 through line 14 on page 3; 
and in the section Further Em bodiments of the Invention , page 21 lines 32-34. On page 
21 it states, "It should be understood that the inbred can, through routine manipulation 
of cytoplasmic or other factors, be produced in a male-sterile form. Such embodiments 
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are also contemplated within the scope of the present claims." On page 2, line 1, the 
specification reads, "There are several options for controlling male fertility available to 
breeders, such as: manual or mechanical emasculation (or detasseling), cytoplasmic 
male sterility, genetic male sterility, gametocides and the like." The specification goes 
on to give examples and references. These processes are known to one of ordinary 
skill in the art and are routine manipulations to inbred PH3PV. Claims 3 and claim 22 
have been amended and now read, "The plant of claim 2 (21), wherein said plant has 
been manipulated to be male sterile." The foregoing arguments and the amendments to 
claims 3 and 22 obviate the Examiner's rejection to claims 3 and 22. 

The Examiner also categorically rejects product claims encompassing any 
modification of PH3PV, no matter how minor the modification or routine the modification 
is for a breeder of ordinary skill in the art to make. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 lines are 
created and screened in order to develop any maize inbred line for which the Applicant 
files a patent application. Once developed, the inbred line is useful for two purposes; (1) 
to make commercial hybrids, and (2) as a source of breeding material for the 
development of new inbreds that retain its desired characteristics. A breeder desiring to 
make a line with similar traits to PH3PV would be greatly advantaged by being able to 
use PH3PV as starting material. This is because the linked genes arranged through 
Applicant's breeding efforts, and fixed in PH3PV, can be maintained in the progeny of 
PH3PV by a breeder of ordinary skill in the art. For example, if a breeder of ordinary 
skill in the art desired an early maturity version of PH3PV, the breeder could cross 
PH3PV to an earlier maturing variety, select for progeny with at least two desired 
PH3PV traits that also express early maturity, and continue selecting for the traits of 
PH3PV combined with early maturity. Optionally, the breeder could backcross to 
PH3PV to obtain further genetic contribution from PH3PV, The end result is the 
development of an inbred line with substantially all of the benefit of Applicant's work but 
with only a fraction of the effort. 

Specifically, in rejecting the claims for lack of written description, the Examiner 
states, "The specification also does not describe the plants that can be produced by the 
corn breeding programs, transgenic PH3PV plants, PH3PV plants comprising single 
gene conversion(s), or by crosses wherein at least one ancestor is the corn variety 
PH3PV, other than PH5TG/PH3PV. The morphological and physiological traits of the 
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corn plants that are crossed with PH3PV, and with progeny of that cross, are unknown, 
and the description of progeny and descendents of com plant PH3PV are unknown. 
The description of PH3PV is not indicative of the description of plants and seed 
produced by the breeding programs and crosses, or any of its descendents. The 
claimed invention also encompasses plants that express at least two 'PH3PV traits' 
listed in claims 14, 33, 41, 45, and 46. However, to say that a plant expresses two traits 
of another plant is not sufficient information to describe that plant ( as numerous corn 
plants express at least two of the same traits as those expressed by PH3PV. Two plant 
traits do not provide any description of the other traits of the plant. It is possible that the 
claimed plants inherited the genes governing those traits from an ancestor other than 
plant PH3PV. For, example, Kramer (U.S. Patent No. 6,124,534) describes a com plant, 
designated 'PH1K2,' which has at least two traits in common with PH3PV, early 
flowering, good root lodging resistance, and good stalk lodging resistance, for example 
(col. 10, line 59 to col. 11, line 5). The instantly claimed com plants could have PH1K2 
as an ancestor, as well as PH3PV, in which the earty flowering and good root lodging 
resistance traits, for example, could have been inherited from PH1K2. The claims also 
encompass plants that do not have to express any of the traits that are expressed by 
PH3PV. n 

Applicant notes that Examiner's comments represent an abrupt and 
undocumented change of patent office policy. In numerous previous cases involving the 
protection of genmplasm and progeny claims, including cases allowed after the recently 
adopted written description guidelines, the listing of traits was previously required by the 
patent office as a way to meet the written description requirement with respect to 
progeny. One reason for using traits as a means of description is because it was, and 
still is, technologically impossible to sequence the entire genome of a specific variety. 

If it was possible to sequence the genome of a variety, PH3PV could be 
described and compared to the prior art to identify its unique genetic sequences and 
sequence combinations, and presumably, claims to progeny retaining those unique 
genetic aspects would be allowed by the patent office. This would be analagous to the 
way claims are examined for individual short genetic sequences and claims allowed for 
any plant comprising a specific transgene. Applicant asserts that the fact that 
technological tools do not exist to fully describe the unique characteristics of the full 
genome of PH3PV does not make the progeny lines derived therefrom any less entitled 
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to adequate patent protection. It is the purpose of the patent law to protect new and 
useful processes, compositions of matter and improvements thereof. 35USC 101. 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 1382. 
In that case the Examiner desired that Tanksley claim according to sequence data to 
"better characterize the cDNA clones" and "facilitate a complete search of the prior art" 
and issued a 112 first paragraph written description rejection. The Board held that "the 
section 112 rejection amounts to a requirement.. .that the appellants amend their claims 
in a specified manner... We find no language in the statute or case law which would 
support that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "In our judgement, a patent 
applicant is entitled to a reasonable degree of latitude in complying with the second 
paragraph of 35 U.S.C. 112 and the examiner may not dictate the literal terms of the 
claims for the stated purpose of facilitating a search of the prior art. Stated another way, 
a patent applicant must comply with 35 U.S.C. 112, second paragraph, but just how the 
applicant does so, within reason, is within applicant's discretion." Id. at 1386. 

Applicant has amended claims 17, 33 and 36 to limit the progeny covered to 
those within a pedigree distance of two crosses away from PH3PV. Claim 41 is limited 
to one cross away from PH3PV by virtue of dependency. Within the plant breeding arts 
breeders use pedigree as a means to characterize lines in reference to their progenitors. 
To those of ordinary skill in the art, this indicates that a line fewer crosses away from a 
starting line will be, as a whole, more highly related to the starting line. Thus, the work 
of the original breeder in developing the starting line will be retained in the closely 
related progeny. More specifically, traits and linkage groups present in PH3PV will be 
retained in progeny that are within 2 outcrosses from PH3PV. Applicant submits that 
characterization of the progeny of PH3PV by virtue of their filial relationship is clearly 
within reason. Not only are filial descriptions used by breeders to evaluate materials for 
use in their breeding programs, but it is standard practice within the plant breeding 
industry for licensor's of inbred maize lines to retain a royalty from lines developed 
through the use of their inbreds. Those royalties are, in almost all cases, based on the 
filial relationship between the licensed inbred used in breeding and the progeny line 
commercialized. This provides evidence that those of ordinary skill in the art of plant 
breeding describe progeny in terms of pedigree. 

Applicant also notes that the mere fact that the progeny have not been created 
does not prevent them from being patented. As stated in MPEP 2163 (3) (a), "An 
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invention may be complete and ready for patenting before it has actually been reduced 
to practice." As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all its 
limitations using such descriptive means as words, structures, figures, diagrams, and 
formulas that fully set forth the claimed invention. Possession may be shown in a 
variety of ways, including... by describing distinguishing identifying characteristics 
sufficient to show that the applicant was in possession of the claimed invention." 
(emphasis added). 1255 Official Gazette 140 (Feb. 5, 2002). Pedigree, which is a 
formula used by plant breeders, is a distinguishing identifying characteristic in 
compliance with the written description guidelines. Further, the Examiner must evaluate 
written description by the claimed invention with all of its limitations, including the 
limitation of being derived from PH3PV. 

PH3PV-derived progeny are described by the fact that PH3PV is utilized in a 
breeding program to make the PH3PV-derived progeny, PH3PV gives genetic 
contribution to the PH3PV-derived progeny, and the genetics of PH3PV are described 
by ATCC deposit of PH3PV seed. By limiting the progeny to 2 or less crosses away 
from PH3PV, the Examiner's concern that the progeny may be only distantly related to 
PH3PV is addressed. In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the 
Federal Circuit, 63 USPQ 2d 1609 r the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written description 
requirement. In so holding, the court stated, " As the deposited sequences are about 
850, 8500, and 1300 nucleotides long, there are at least hundreds of subsequences 
of the deposited sequences, an unknown number of which might also meet the claimed 
hybridization ratio. Moreover, Enzo's expert, Dr, Wetmur, stated that 'astronomical' 
numbers of mutated variations of the deposited sequence also fall within the scope of 
those claims, and that such broad claim scope is necessary to adequately protect 
Enzo's invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of Enzo's 
invention. The defendants assert that such breadth is fatal to the adequacy of the 
written description. On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that various 
subsequences, mutations, and mixtures of those sequences are also described to one 
of skill in the art. We regard that question as an issue of fact.../ 
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The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art would 
know if PH3PV were utilized in a breeding program by looking at the breeding records 
and therefore would know if a progeny were derived from PH3PV. PH3PV is a unique 
inbred, as evidenced by the morphological and physiological traits given in Table 1, 
pages 18-20, of the application. Routinely used molecular techniques, discussed on 
page 16, line 8, through page 17, line 2, of the Application, can be used to verify 
whether PH3PV is within the pedigree of a line. 

Applicant would also like to emphasize that PH3PV cannot be derived through 
any other means then through PH3PV seed and plant, nor can the influence of PH3PV 
on the progeny be removed from a line within 2 outcrosses of PH3PV. This fact also 
highlights the different perspective between the Examiner and the Applicant regarding 
the scope of the claims. The Examiner believes the claims to progeny to be of great 
breadth. However, to view these claims as being of great breadth merely because a 
large number of plants could theoretically fall within its scope ignores an essential 
limitation of the claim; that only a plant developed through the use of PH3PV is within 
the scope of the claim. Such a plant could not be independently derived without the 
use of PH3PV, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH3PV. A breeder infringing such a claim must have made a conscious 
choice to use PH3PV in order to obtain some or all of PH3PV's desired characteristics. 
Compliance with the written description requirement is essentially a fact based inquiry 
that will "necessarily vary depending on the nature of the invention claimed," Vas-Cath 
v. Mahurkar, 935 F. 2d 1555 (citing In re DiLeone, 436 F2d. 1404, 1405). Thus, the 
compliance with the written description requirement must be judged in view of this 
limited scope of the progeny claims. As amended, the claims are drawn to only a limited 
scope of progeny, progeny which but for Applicant's creation of PH3PV could never 
have existed. This is in harmony with the statement in section 2163 of the MPEP that 
"the written description requirement promotes the progress of the useful arts by 
ensuring inventions are adequately described in the specification in exchange for the 
right to exclude." That quid pro quo of patent law has been met by the Applicant in the 
present case, and to use written description to deny adequate patent protection would 
be contrary to the stated purpose of the written description requirement. 

Applicant points out that, to overcome the Examiner's rejection, claim 14 has 
been amended in a different manner. The Examiner has expressed concern that the 
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PH3PV traits retained by the progeny may be derived from the non-PH3PV side of the 
pedigree. To address this concern, Applicant has amended claim 14 to specify that the 
"at least two PH3PV traits" were not exhibited by other plants utilized in the development 
of said maize plant. 

In addition to the progeny claims, the Examiner issued additional written 
description rejections under 35 U.S.C.112, first paragraph as follows; " The description 
of the PH5TG/PH3PV hybrid also does not provide any information concerning the 
description of any other hybrids." It is well known to anyone skilled in the art that a 
hybrid has a genome with one set of the alleles from each inbred. Thus the F1 hybrid 
claimed contains essentially all of the alleles of PH3PV. Therefore the genetic profile 
exhibited in the deposit would be exhibited in the hybrid. The genetic profile of the other 
plant used to make the hybrid would also be present because an F1 contains one set of 
chromosomes from each parent. As stated in the specification on page 16, lines 8-15, 
there are many laboratory based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms (RFLPs) 
and Simple Sequence Repeats (SSRs). Such techniques have been known for some 
time and may be used to identify whether or not PH3PV was used to develop a hybrid. 
Applicant also submits to the Examiner the journal article by Berry et al. (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR data 
when neither parent is known. A copy of article by Berry et ai. is attached to this 
Amendment and Request for Reconsideration as Appendix B. The results of the 
experiment showed that using 100 SSR loci markers resulted in correct parental ranking 
of inbreds for 53 out of 54 hybrids. Applicant also points out that any breeder of 
ordinary skill in the art will know the identity of both parents used to produce a hybrid. 

Applicant notes that a claim to the F1 hybrid made with a deposited inbred was 
expressly acknowledged without reservation by the United States Supreme Court In 
J.EM Ag. Supply, Inc. v. Pioneer Hi-Bred Int'l, Inc., 60 USPQ 2d 1865,1873 (S.Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an inbred plant line protects 
the line as well as all hybrids produced by crossing that inbred with another plant line." 

The Examiner goes on to reject claims to PH3PV plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. The 
Examiner states, "The transgene may be of any gene, including those that effect more 
than one trait. The morphological and physiological characteristics of any such plant are 
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not described. The specification also does not describe single gene conversions for all 
plant traits/ 

Applicant notes examples of traits and single gene conversions are given in the 
specification, page 21, lines 16-31 , and page 22, line 34, thru page 33, line 4. Even if 
more than one trait is affected by the transgene, the genetics of PH3PV will be only 
minimally affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits, the Applicant points out that they are not 
claiming so broadly as to claim any maize plant, regardless of source, comprising those 
traits. Applicant is claiming PH3PV, or a limited set of plants derived therefrom, that 
retain significant features of PH3PV. Applicant has made an enabling deposit of PH3PV 
with the ATCC, and the Applicant is seeking a fair scope of protection as the quid pro 
quo for the teaching in the specification and the deposit of the material. The insertion of 
one or a few genes into a genome that is estimated to have over 50,000 to 80,000 
genes (Xiaowu, Gai et al., Nucleic Acids Research, 2000, Vol. 28, No. 1, 94-96) is a 
minor change to PH3PV and will not prevent one of skill in the art from identifying the 
plant as PH3PV. In addition, to expedite prosecution, Applicant has amended claims 30 
and 47. They now include the limitation that the maize plant, or parts thereof, are 
essentially unchanged from the corresponding plant, or parts thereof, of inbred line 
PH3PV. 

Lastly, The Examiner has rejected certain method claims under written 
description. Applicant points out that the methods are fully described, as is the starting 
material in the method, PH3PV. One of ordinary skill in the art would know how to cross 
PH3PV to develop an F1 hybrid and also how to self plants derived from crosses with 
PH3PV for the purpose of developing an inbred plant. In Ex parte Parks, 30 USPQ 2d 
1234 (BP A I. 1994), the Board of Appeals stated, "Adequate description under the first 
paragraph of 35 U.S.C. 112 does not require literal support for the claimed invention. 
Rather, it is sufficient if the originally-filed disclosure would have conveyed to one having 
ordinary skill in the art that an appellant had possession of the concept of what is 
claimed." In J.EM. Ag. Supply, the Supreme Court also acknowledged the value of a 
utility patent in protecting the use of the line in breeding, when it stated that, H ...a 
breeder can use a plant that is protected by PVP certificate to 'develop* a new inbred 
line while he cannot use a plant patented under §101 for such a purpose." Id. at 1873. 
in light of the amendments to the claims and the foregoing arguments the Applicant 
requests reconsideration of the rejection under the first paragraph of 35 U.S.C. 112. 
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REJECTIONS UNDER 35 U.S.C. § 112, FIRST PARAGRAPH 

5) Examiner rejects claims 1-49 under 35 U.S.C. 112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as 
to enable one of skill in the art to which it pertains, or with which it is most nearly 
connected, to make and/or use the invention. 

Claims 1, 6, 21, 25, 37, and 40 have been amended by deleting the blank 
spaces and inserting the ATCC deposit number. The specification has also been 
amended to include the terms of the deposit for PH3PV. A copy of the ATCC deposit 
receipt is included in this response. In light of the amendments to the claims and the 
specification the Applicant requests reconsideration of the rejection under the first 
paragraph of 35 U.S.C. 112. 



REJECTIONS UNDER 35 U.S.C. § 102 and 103 

6) Examiner states that, "Claims 1-49 are rejected under 35 U.S.C. 102(e) as 
anticipated by or in the alternative, under 35 U.S.C. 103(a) as obvious over Kramer 
(U.S. Patent No. 6,124,534)." 

The Examiner goes on to state, "Kramer teaches seed of maize inbred line 
designated "PH1K2", plants produced by growing said seed, and plants and plant parts 
having all the physiological and morphological characteristics of PH1K2 (col. 10, lines 59 
to col. 13, line 50). It appears that the claimed plants and seeds of the instant invention 
may be the same as PH1K2, given that they exhibit similar traits, such as early flowering 
and good root lodging and stalk lodging resistances, for example (col. 10, line 59 to col. 
11, line 5). Alternatively, if the claimed plants, plant parts, and seeds of PH3PV are not 
identical to PH1K2, then it appears that PH1K2 only differs from the instantly claimed 
plants, plant parts, and seeds due to minor morphological variation, wherein said minor 
morphological variation would be expected to occur in different progeny of the same 
cultivar, and wherein said minor morphological variation would not confer patentable 

distinction to PH3PV." 

Claims 1, 6, 21, 25, 37, and 40 have been amended to include the ATCC 
number. Applicant again points out that PH3PV is not PH1K2, nor is PH3PV an obvious 
variation or anticipated variation of PH1K2. Differences are pointed out in section 3 of 
this response. 
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Applicant has cancelled claims 45 and 46. 

As stated earlier claim 14 was amended to remove such words as "early" and 
"good". The claim was also amended to include, "and wherein said at least two PH3PV 
traits were derived from PH3PV and not from other plants utilized in the development of 
said maize plant." The claim now clearly states that PH3PV is utilized to obtain the 
maize plant claimed. Because PH3PV is not PH1K2 nor is PH3PV obvious over PH1K2 
then any claimed plant derived through the use of PH3PV is non-obvious. Also of 
importance is that because PH3PV is not PH1K2, the maize plant of claim 14 cannot be 
obtained by any means other than by utilizing the seed or plant of PH3PV. Applicant 
requests that the Examiner reconsider the rejection to claim 14 under 35 U.S.C, 102(e) 
and 35 US.C. 103(a). 

Applicant has amended claims 17 and 36 as follows, U A maize plant, or parts 
thereof, produced by the method of claim 15 (34) wherein the method comprises 2 or 
less crosses to a plant other than PH3PV or a plant that has PH3PV as a progenitor . " 
Claims 17 and 36, as well as claim 33 ( are now limited to a maize plant two crosses 
away from PH3PV. The MPEP section 2143.03 states, "If an independent claim is non- 
obvious under 35 USC 103, then any claim depending therefrom i$ nonobvious. In re 
Fine, 837 F.2d 1071, 5 U.SP.Q, 2d 1596 (Fed. Cir, 1988)." The MPEP section 2116.01 
states, "All the limitations of a claim must be considered when weighing the differences 
between the claimed invention and the prior art in determining the obviousness of a 
process or method claim." See also In re Ochai, 71 F,3d 1565, 37 USPQ 2d 1 127 
(1995) and In re Brouwer, 77 F. 3d 422, 37 USPQ 2d 1663 (1996). Once again, 
because PH3PV is not PH1K2 nor is PH3PV obvious over PH1K2 then any plant 
derived through the use of PH3PV is non-obvious. Also of importance is that progeny of 
PH3PV cannot be obtained by any means other than by utilizing the seed or plant of 



Applicant has amended claims 41, 42, and 43. Claim 41 has been amended and 
now reads, "A PH3PV-derived maize plant, or parts thereof, produced by the method of 
claim 40." Claim 41 is now one cross away from PH3PV. Claim 41 clearly states that 
PH3PV must be used to obtain a PH3PV-derived maize plant. Claim 42 has been 
amended so that it does not allow any further crosses away from PH3PV. Thus claim 
42 is the selfing of the plant derived by the one cross away from PH3PV made in claim 
40. Claim 43 has been amended for clarification purposes. All PH3PV-de rived plants 
are limited to one cross away from PH3PV and the derived plants are limited by the use 



PH3PV. 
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of PH3PV in the initial cross. One would not be able to obtain plants within one cross of 
PH3PV through modification of the maize inbred taught by Kramer because PH3PV 
comprises a unique and nonobvious combination of genetics. The claimed plants 
derived from PH3PV retain unique and nonobvious combinations of genetics derived 
from PH3PV, Thus, they deserve to be considered new and nonobvious compositions in 
their own right. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 U,S.C. 103(a). 

Cancellation of claims 45 and 46 and amendment of claims 1 p 3, 5, 6, 14, 16, 19, 
20, 21 , 22, 24, 25, 33, 35, 37, 40, 41 , 42, 43, 47, 48, and 49 does not in any way 
change the claim scope which the Applicant believe is allowable but is meant to hasten 
the issuance of the patent. 



Attached hereto is a marked-up version of the changes made to the specification 
and claims by current amendment. The attached page is captioned " VERSION WITH 
MARKINGS TO SHOW CHANGES MADE ". 

Applicant submits that in light of the foregoing amendments and the remarks, the 
claims 1-44, and 47-49 are in condition for allowance. Reconsideration and early notice 
of allowability is respectfully requested. If it is felt that it would aid in prosecution, the 
Examiner is invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Steven Callistein 

Pioneer Hi-Bred International 

7100 NW 62 nd Avenue 

P.O. Box 1000 

Johnston, IA 50131-1000 

(515)-254-2823 

(515) 334-6883 FAX 



CONCLUSION 



Respectfully submitted, 
Roy Luedtke, Jr. 




Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 



22 

Received from < 515 334 6883 > at 9/30/02 10:47:30 AM [Eastern Daylight Time] 




09/30/02 MON 09:53 FAX 515 334 6883 



PIONEER HI -BRED DSM 



(2)026 



SN:09/758,6CW 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the specification 

On page 54, lines 2-21 have been deleted and the clean paragraph as written was 
inserted. 

In the claims 

Claims 45 and 46 have been cancelled. 

Claims 1, 3, 4, 5, 6 t 8, 11. 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27 T 30, 31, 
32, 33, 35, 36, 37, 40, 41, 42, 43, 47, 48, and 49 have been amended. 

1. (Amended) Seed of maize inbred line designated PH3PV, 
representative seed of said line having been deposited under ATCC 
Accession No.[ ] PTA-4580 . 

3. (Amended) The maize plant of claim 2, wherein said plant is 
manipulated to be male sterile. 

4. (Amended) A tissue culture of [regenerate] cells from the plant of 



5. (Amended) A tissue culture according to claim 4, [the] cells or 
protoplasts of the tissue culture being from a tissue selected from the 
group consisting of leaves, pollen, embryos, roots, root tips, anthers, silks, 
flowers, kernels, ears, cobs, husks, and stalks. 

6. (Amended) A maize plant regenerated from the tissue culture of claim 4, 
capable of expressing all the morphological and physiological 
characteristics of inbred line PH3PV, representative seed of which have 
been deposited under ATCC Accession No.[ ] PTA-4580 . 



claim 2. 
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8, (Amended) The method of claim 7 wherein [the inbred maize plant of 
claim 2] said different inbred parent maize plant is the [female or] male 
parent. 

11. (Amended) The maize plant, or parts thereof, of claim 2, wherein the 
plant A or parts thereof [have been transformed so that its genetic material 
contains one or more transgenes operably linked to one or more 
regulatory elements] further comprise one or more transgenes . 

12. (Amended) A method for producing a maize plant [that contains in its 
genetic material one or more transgenes,] comprising crossing the maize 
plant of claim 11 with [either] a second plant of another maize line[, or a 
non-transformed maize plant of the line PH3PV r so that the genetic 
material of the progeny that result from the cross contains the 
transgene(s) operably linked to a regulatory element]. 

13. (Amended) [Maize plants] The maize plant , or parts thereof, produced 
by the method of claim 1 2. 

14. (Amended) A maize plant, or parts thereof, wherein at least one 
ancestor of said maize plant is the maize plant of claim 2, said maize plant 
expressing a combination of at least two PH3PV traits which are not 
significantly different from PH3PV traits when determined at the 5% 
significance level and when grown in the same environmental conditions, 
said PH3PV traits selected from the group consisting of: a relative 
maturity of [approximately] 85 based on the Comparative Relative Maturity 
Rating System for harvest moisture of grain, [high] yield, [early] flowering 
time , [early maturity, good] dry down, [good] stalk lodging resistance, 
[good] root lodging resistance, [good] and test weight of grain[, adapted to 
the Northcentral region of the United States and to the dry land 
agriculture, short growing season of Canada]. 
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16. (Amended) The [maize plant breeding program] method of claim 15 
wherein plant breeding techniques are selected from the group consisting 
of: recurrent selection, backcrossing, pedigree breeding, restriction 
fragment length polymorphism enhanced selection, genetic marker 
enhanced selection, and transformation. 

17. (Amended ) A maize plant, or parts thereof, produced by the method 
of claim 15 wherein the method comprises 2 or less cro sses to a plant 
other than PH3PV or a plant that has PH3PV as a progenitor . 

18. (Amended) The maize [plants] plant , or parts thereof, of claim 2, 
further comprising one or more single gene conversions. 

19. (Amended) The [single gene conversion(s)] maize plant of claim 18, 
wherein [the] at least one single gene conversion is a dominant allele. 

20. (Amended) The [single gene conversion(s)] maize plant of claim 18, 
wherein [the] at least one single gene conversion is a recessive allele. 

21. (Amended) A maize plant, or parts thereof, having all the physiological 
and morphological characteristics of inbred line PH3PV, representative 
seed of said line having been deposited under ATCC Accession No. 

[ 1 PTA-4580 . 

22. (Amended) The maize plant of claim 21, wherein said plant is 
manipulated to be male sterile. 

23. (Amended) A tissue culture of [regenerate] cells from the plant of 
claim 21. 
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24- (Amended) A tissue culture according to claim 23, [the] cells or 
protoplasts of the tissue culture being from a tissue selected from the 
group consisting of leaves, pollen, embryos, roots, root tips, anthers, silks, 
flowers, kernels, ears, cobs, husks, and stalks. 

25 (Amended)A maize plant regenerated from the tissue culture of claim 
23, capable of expressing all the morphological and physiological 
characteristics of inbred line PH3PV, representative seed of which have 
been deposited under ATCC Accession No. [ ] PTA-4580 . 

27. (Amended) The method of claim 26 wherein (the inbred maize plant of 
claim 21] said different inbred parent maize plant is the female [or male] 
parent 

30. (Amended) The maize plant, or parts thereof, of claim 21 , wherein 
the plants or parts thereof [have been transformed so that its genetic 
material contains one or more transgenes operably linked to one or more 
regulatory elements] further comprises one or more transgenes, and 
wherein the maize plant, or parts thereof are essentially unchanged from 
the corresponding plant, or parts thereof, of inbred line PH3PV . 

31. (Amended) A method for producing a maize plant [that contains in its 
genetic material one or more transgenes,] comprising crossing the maize 
plant of claim 30 with [either] a second plant of another maize line[, or a 
non-transformed maize plant of the line PH3PV, so that the genetic 
material of the progeny that result from the cross contains the 
transgene(s) operably linked to a regulatory element]. 

32. (Amended) [Maize plants] The maize plant , or parts thereof, produced 
by the method of claim 31 . 
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33, (Amended) A PH3PV-derived maize plant, or parts thereof, wherein at 
least one ancestor of said maize plant is the maize plant of claim [21] 2, 
and wherein the pedigree of said maize plant is within 2 or less crosses to 
a plant other than PH3PV or a plant that has PH3PV as a progenitor [said 
maize plant expressing a combination of at least two PH3PV traits 
selected from the group consisting of: a relative maturity of approximately 
85 based on the Comparative Relative Maturity Rating System for harvest 
moisture of grain, high yield, early flowering, early maturity, good dry 
down, good stalk lodging resistance, good root lodging resistance, good 
test weight of grain, adapted to the NorthcentraJ region of the United 
States and to the dry land agriculture, short growing season of Canada]. 

35. (Amended) The [maize plant breeding program] method of claim 34 
wherein plant breeding techniques are selected from the group consisting 
of: recurrent selection, backcrossing T pedigree breeding, restriction 
fragment length polymorphism enhanced selection, genetic marker 
enhanced selection, and transformation. 



36. (Amended) A maize plant, or parts thereof, produced by the method of 
claim 34 wherein the method comprises 2 or less crosses to a plant other 
than PH3PV or a plant that has PH3PV as a progenitor . 

37. (Amended) A process for producing inbred PH3PV, representative 

seed of which have been deposited under ATCC Accession No.[ ] 

PTA-4580 . comprising: 

(a) planting a collection of seed comprising seed of a hybrid, one 
of whose parents is inbred PH3PV said collection also 
comprising seed of said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH3PV plants; 

(d) selecting said inbred PH3PV plant; and 
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(e) controlling pollination in a manner which preserves the 
homozygosity of said inbred PH3PV plant. 

40. (Amended)A method for producing a PH3PV-derived maize plant, 
comprising: 

(a) crossing inbred maize line PH3PV, representative seed of said 

line having been deposited under ATCC Accession No, [ ] 

PTA-4580 . with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth 
conditions, to yield said PH3PV-derived maize plant. 

41. (Amended) A PH3PV-derived maize plant, or parts thereof, produced 
by the method of claim 40[, said PH3PV-derived maize plant expressing a 
combination of at least two PH3PV traits selected from the group 
consisting of : a relative maturity of approximately 85 based on the 
Comparative Relative Maturity Rating System for harvest moisture of 
grain, high yield, early flowering, early maturity, good dry down, good stalk 
lodging resistance, good root lodging resistance, good test weight of grain, 
adapted to the Northcentral region of the United States and to the dry land 
agriculture, short growing season of Canada], 

42. (Amended) The method of claim 40, further comprising: 

(c) [crossing] selfina or sibbing said PH3PV-derived maize plant 
[with itself or another maize plant] to yield additional PH3PV- 
derived progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant 
growth conditions, to yield additional PH3PV-derived maize plants; 

(e) repeating the crossing and growing steps of (c) and (d) [from 0 
to 5 times] to generate further PH3PV-derived maize plants. 
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43. (Amended) [A] The further [derived maize plant] PH3PV-derived 
maize plants , or parts thereof, produced by the method of claim 42. 

47. (Amended) The maize [plants] plant , or parts thereof, of claim 21 , 
further comprising one or more single gene conversions , wherein the 
maize plant, or parts thereof, are essentially unchanged from the 
corresponding plant, or parts thereof, of inbred line PH3PV . , 

48. (Amended) The [single gene conversion(s)] maize plant of claim 47, 
wherein [the] at least one single gene conversion is a dominant allele. 

49. (Amended) The [single gene conversion (s)] maize plant of claim 47, 
wherein [the] at least one single gene conversion is a recessive allele. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



I Tte fundamental purpose of plant breeding is to identify serotypes with superior 
^ pnformance .n commercial production. A large proportion of the rime and 
C'fT. t. f ° CUUiVar devdo P™ n < " in field evaluation of breeding rrm- 
IS T in r? ,ve in ^itial stage of evasion or those 

Urt ™ ^r release a* „ ew eultivars. The chancers 

h m thUI ™ n bC mcaSUfed readil >' b - v visual examination 
K£?V mUSt bc f measured with appropriate instruments. The eenctic po- 
|W ot a genotype for some characters may be determined effectively with 

^ or a few plants )0 a sma ,i plou while tor 0(her ch evaluation 

<T» larger plots may be needed. 

7!5n' hC n5S P°": sibilit - v ot ' the P' ant feeder to select the field-plot techniques 
* rl 6 nmimum ™«t ^' '"formation with the resources avail'. 

- T^e cha lenge i s to adequately test as many genotypes as possible. The 

BfcSSnj V° P "T^ Var> ' : USUa " y Sevcral a,ternacive techniques 
Cl^ for character evaluate. Plant breeders must decide which tcch- 

'TnLI L,- ' nOSt effeCtive and cfficiem in thdr particular situation 
f SSll d ' S ^ sions of f, *W-P'ot techniques and data analysis are provided 
-Si n and 1 Goni " " 984 > «"» LeCL-rg et al. ,1962). An overview of the 
^™ principles will be provided in this chapter. 




«CE5 OF VARIATION 

l ° C ° mpa ? Sen0IJrpcs W0UltJ bc t0 - er0w a " of them in exacrlv 
•to S rT eM f ° tneaS ' Ure rhCir ^"acteristics in precisely the sam'e 
^ /varie s C u CCS 0m ° nS S enot ^ es in '^al situation would be due 

' Cl^^ P ° tCntia,: thCrCf ° re - ,he 5651 could he 

'■ of 21 ^ r ' S ,m P° Ssibl < "> thieve under field conditions 

Of uniformity in the environment to which the genotypes are 
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exposed. Nevertheless, the use of appropriate field-plot techniques can maxio™^ 
the accuracy uith which genotypes arc compared and selected. 

The factors that result in test conditions that are less than ideal can be refentdl 
to collectively as sources of experimental error. They include variation in ifcf 
environment to which each genotype is exposed and lack of uniformity i n ti*| 
measurement of characters. The breeder has opportunities to minimize cxperfJ 
mental error by carefully selecting the site to be used for field trials, the cultui* 
practices used in crop production, the plot size and shape, and the method of' 
data collection. 



Site Selection 

Variation in the productivity of the soil is commonly referred to as soil heter- 
ogeneity (Fig. 19-0. Causes of soil heterogeneity include variation in soil type, 
availability of plant nutrients, and soil moisture. The variation cannot be com- 
pletely eliminated, but it often can be minimized by careful selection of the area 
in a field where plots will be grown. Soil maps arc helpful for understanding 
the variation in soil type thai is present. Soil types differ in their inherent ability 
to retain nutrients and moisture. Entire trials or at least an entire replication 
should be grown on a single soil type whenever possible. 

Visual inspection of a field is important, even when a soil map is available- 



Figure 19-1 
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When a held has been identified a year in advance as a potential test site, it Is 
useful for the breeder to look lor variability in productivity of the crop grown 
in the urea. The breeder should note variation in the terrain that may cause water 
to accumulate more in one place than in another. Differences in soil tillage after 
harvest of the previous crop may be observed that could result in non uniformity 
of the area. Uneven distribution of plant or animal waste on a field should be 
noted us a potential contributor to variation in the availability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
that were followed in the production of previous crops, with special attention to 
ihe application of chemicals that could influence the crop that the breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
previous crops may cause damage to the crop to be tested. The following quo- 
tation from a research article by Thome and Fehr (1970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The strains wort: evaluated at Ames and Kjtutwhu. Iowa, in 1 96S . ... At Kanawha, 
part of the experiment was inadvertently planted in a field treated with ;iira/ine 
herhieidc two years be tore. All plot* in the area were destroyed. 

Previous cultural practices in a field can be especially important at research 
stations where crops are rotated from one held to another on a systematic basis. 
The research conducted on crops previously grown on a held can influence 
markedly the uniformity of the test site. For example, plots of oats were planted 
in a field at the Agronomy Research Center of Iowa State University in which 
soybeans had been planted the previous year. Growth of the oats varied in strips, 
as if nitrogen fertilizer had been applied unevenly to the held. A review of the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature soybeans had been eul and left unthreshed. 
The nitrogen in the soybean seeds in the strips was available to the oats the 
following year, and caused notiunifomiity of nutrient availability in the test site. 



Cultural Practices 

Experimental error can be minimized by the use of uniform cultural practices 
for production of the crop being tested. Chemicals should be applied uniformly 
to the test site before, during, or after planting. Uneven soil compaction should 
be minimized during tillage operations. Application of supplemental water by 
irrigation may reduce variability in soil moisture. Weed control should be uni- 
form; most breeders try to eliminate all weeds during the growing season to 
avoid experimental error caused by differential weed competition. 

The development of equipment specifically designed for planting, managing, 
and harvesting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment must be on the 
uniformity with which genotypes are handled. 



1 
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Experimental error mcreases whenever i n ,erplot competition causes the perfor 
mance ot u genotype m one plot to be altered by the performance of genolv* 
in adjacent plots Inierplo, competition results primarily from interLS 
compeation wh.eh « the differentia, ability of senorypjto compete 
other, lmerplot competition .s more important for the evaluation of some 
acter. than for others It „ only through appropriate experimentation that a p£ 
type can be .dent.hed that will provide reliable information tor the charac^o 
interest. u ( 

The effects of interplot competition can be avoided by the use of plots with 
miiUiplc rows in which only plant, i„ the center rows are evaluated <R« l9 . 
In p ms w,th three or more rows, the outermost rows are desisted as the borde; 
or guard rows. The function of the border rows is tt> prevent plants in adjacent 

!r f [ViV IIIUS ^°V f b ° rdCWl r ° W pi0ti wilh diff e«« cuHivars desig- 
nated as • , and □. f Courtesy of Fehr, I978.) 5 
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plus from influencing the performance of plants in the center „f f h . „i , r B u 
.ordered : pi* can be cohered . a.intarure lj£ t Z^^ ^ 

would be ideal if bordered plots could be used for the evaluation of ill 
chapters that are influenced by imcrpiot coition, ideal to 

seed and land that do not d rectiy oruvide .}-,r-> fx- . ' ^ 15 re q uirc 
two-thirds of the seed and land LTfo thrt (aku Up 

«)w plots. The cost and «»JSl*af ^SZl'S* 0ne " ha "' 
of the use of bordered plots id 17 e vL£,l f necess.late restriction 

find consideration for Sic"^^ °' *" m Mn * ^ n 

^T^^ P'- - rwo 

uiL cacn Miojtcreu ca interploi competition on one side 

O 'aS'n rr Unt, ° rderCd f0W P ' ()tS Wirh dif *™< cuhiv-, 
■gnmeg as «. and U. (Courtesy ol Fehr. 1978 j 
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but not on the other. Any rows within the two border rows are protected from 
interplot competition. This* cart be expressed us 



Reduction in interplot (numhCf of rows ptfr p Un x 2 sjdes) .. , sid 

competition compared— 

with single-row plot 



Two- row- plot = 
Three- row plot - 



number of rows per plot x 2 sides 
(2 x 2) — 2 



2x2 
(3 x 2) - 2 
3x2 



- 1/2 
= 2/3 



The amount of interplot competition also can be reduced by increasing the 
spacing between rows of adjacent ploLs. Interplot competition in soybeans was 
evaluated with five cultK'ars grown in single rows spaced i00, 75, 50, and 25 
cm apart (Gedge et al.. 1977). The average effect of interplot competition on 
seed yield was 2.6 percent for the I00*cm spacing, 5.3 percent for 15 cm ? 8.0 
percent for 50 cm, and 17.6 percent for 25 cm. 

A combination of increased row spacing between plots and a large number 
of rows can minimize interplot competition in unbordered plots. Jn the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots spaced 100 cm apart was 2.6 percent. The percentage theoretically would 
be reduced to 1.3 percent for two-row plots and to 0.9 percent for three-row 
plots. Rows within a plot arc not subjected to interplot competition; therefore, 
the spacing between rows within a plot can be less than the spacing between 
adjacent plots. Figure 1 9-3 illustrates a two-row plot in which the spacing between 
plots is wide enough ro minimize interplot competition and the spacing within 
the plot is reduced to minimize the land area required for each plot. 

Some breeders plant one cultivar as a common border between one- ortwo- 
rOw plots. In barley, a lodging-resistant cultivar is used as a common border to 
prevent genotypes with lodging susceptibility from failing on genotypes in ad- 
jacent plots, thereby causing them to lodge unnaturally. The use of a common 
border has been evaluated as a means of eliminating intergenotypic competition 
between plots for seed yield and other quantitative characters. The results of the 
research indicate that a common border can reduce but not eliminate interplot 
competition (Thome and Fehr. 1970a). The average interplot competition for 
seed yield among four soybean cukivars in single-row plots spaced 50 cm apart 
was compared with competition of the cultivars when a common border was 
used (Gedge et al., 1977). Interplot competition averaged 1 1 .0 percent in single- 
row plots and 8.3 percent in plots with a common border. 



Plot Size and Shape 

The size of plots used to evaluate genotypes varies with the character being 
evaluated, the anioum of experimental error that is con>idered acceptable for 
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measure .character, the experiment:,! design, and the eri.w.h churucierisncs 
or the crop. Hot> wir> , n front those for a s in S | 6 plant that is harvested bv 
hand co those that are wide and long enough to be harvested with the same 
equipment used by I aimers for commercial production. 

Sinzle-rU,,,, Plots. Individual plant, commonly are evaluated in statin.. 
population!., there ,s no replication of the individuals, unless vegetative pn.pt 
agat.on of clones , s possible. The spacing among plots varies with the crip 
species involved Gardner M 961, spaced individuals 50 hv 100 cm apart when 
selecting tor yield m mai«. Burton (1974) spaced plants of a population of 
Pensacola ba tagrass 60 by 60 cm apart when conducting recurrent phenotypic 
selection for forage yteld. Burton and Brim tlS>8l> used a 46 by 46 cm spacin* 
among soybean plants for selection of oil composition in the seed ' 

or coltivar, by the honeycomb field design (Fasoulas. 1979). The number of 

itZ ^ Sm ? ''"Vl "' UaJ 10 !htf numb «of replicarions in the experiment. 
Fasoulas ( 19 | , Seated that 100 s^le-pJant plots (replications, per line would 
prov.de sattstaaorv results. The plots of the lines in a test are organized in a 
systematic manner to permit comparison of a plant of one line with adjacent 
plants or other Imes (Fig. 19-4, The honeycomb design has not been adopted 
by plant breeders or replicated evaluation of lines because it rcqu.res more labor 
and is less amenable to mechanization than microplots or conventional row plots. 

Mutnpk-Ptanr Plo,s The evaluation of experimental lines orcultivars bv plant 
tarter, « usually done ,« p.ots conta.ning two or more plants. Plot size vanes 
torn small microplots conststmg of a hill or short row to a plot with one or 
more rows several meters in length. 

St Mwnaplou .« used to minimize the amount of seed or land retired 
o^Juate a group ot l.nes. In an unbordered microplot, the effects of interplot 

Sscd P !"oa -> u ^ P ' 0tS SpaC * d ab ° Ut 30 b >- 30 «n apart have been" 

30 nUnib u r „° f PlUnt V n ° miCn>plot ditYers amon S A P ,! »«in8 ««e of 
IT .^r. per hl " u sat| s^ctory in oats fprcy. 1965). while a rate of 12 seeds 
P«r hill a used for soybeans (Garland and Fehr. mi). When short rows are 
"»Was microplots. the plant density is comparable to that of larger row plots 
tivJ,V ^ hCk , of /Sreement among plant breeders concerning the effec- 
eness ot microplots for evaluation of agronomic characters, particularly seed 
jew. Breeders who use microplots indicate that they are useful for eliminating 
"«nor lines during the first year of yield evaluation. Lines with acceptable 
Fnoimance in microplots are evaluated in conventional row plots durin« sub- 
sequent years of testing, to identify those that merit release as cultivars '(Wcy 
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Honeycomb 
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Figure 19-4 Grid and honeycomb design ro select individual plants in a pop- 
ulation. For the grid design, plants are divided into blocks and the best ones 
chosen From each (Gardner. I^6l ). For the honeycomb design, the plant ai the 
center of the hexagon, ®. is compared wirh even.' other plant within the hexagon 
(Fasoulas. 1979). A plant is chosen only if it is superior to every other plant in 
the hexagon. The hexagons outlined represent two different selection intensities. 
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HILL PLOTS 
Unbordered Bordered 
Single-hill Five-hill Nine-hill 



o o 
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o o 

a a 
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• • • 

• • • 

• • • 



□ □ D 

□ □ D 

□ □ □ 



figure 19-5 Illustration of hilt plots with different adtivars desisted as n 
j. W. ana ■ (rehr. 1978). 



196;; Garland and Fehr. 1981). The advantages of micropiots compared with 
conventional row plots for the first year of yield testing are that less land is 
required per plot and that enough seed for replicated tests can be obtained from 
a single plant, which eliminates a season for seed increase. Breeders who do 
not use micropiots are concerned about the reliability of vield data obtained from 
mem The coclfie.ents of variability for micropiots general! v arc about one and 
onc-halr to two times larger than for conventional row plots. 

Row pu^. Row pioa are used by V|rtuul]y a| , p|am breeden( for ,. ralctl 

wans of genotypes. The overall plot size is determined bv the number of rows, 
(he spacing between rows, and the row length. 

Single.row plots of I to 2 m in length are widely used for the visual evaluation 
of characters. Many breeders evaluate lines on the basis of their appearance in 
jmall unrepealed plots, and advance the desirable ones to replicated test, the 
toilowmg season. Visual selection and seed increase commonly are accomplished 
with the same plot. 

A plot used to evaluate the yield of lines for the first rime often is smaller 
juui i that employed for advanced stages of evaluation. For advanced yield tests 
me breeder attempts to use a plot size that approaches or equals the dimensions 
-onstdered optimal for the crop species involved. Optimum plot size i.s the 
minimum land area required to measure a character with an acceptable level of 
experimental error. 

Optimum plot size can be determined by the use of data from a unilbrmitv 
[ nai (Cochran. A single cultivar is planted as a solid stand, without allcvs. 
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Z!!!^ T"^' 1 "^' ° r,hat UMd tbr yieW evaluation. Th, cultural practices 
used to produce the crop are the same as rho.se used .or vicld trials, The area i 

a d ^.ghed .separately. H.xpcnnnen.al error associated with plots of differed 
s.*e can be defined by making various combinations of the small un 

hr^ T" 1 P n' MK a,S ° * dctc ™ ned thnmgh practical experience "the 
breeder often w.,1 experiment with plot, of different si* to find the ,mal c t one 

,h aCt ' ePl H blC ,CVd ^P"™ 1 «™ Breeders often do no ^ 
on what ,hcy eons.der acceptable experimental error: consequently, an optimum 
size or one person may noc be optimum for another P 

shi^?^*^ enCni " y " d T mined by ™ nsid *™<>'* other than the relation- 
ship or shape io experimental error. The primary factor, arc the number of rows 

nd s, m ' mmiZe ° f '"J' imi:rp,0t C0 "^ liti<)n and th « *** »f «ne p. Z 
- d harvestmg equip rha( (S f|V; . labJe p|flf P nm* 

Of land area that must be devoted to alleys between plats. Lone. Jro" p! o, 
reuu.rc a lower percentage of alley space than do wide. short plot This d 
v.jms. „ off*. ,n bordered plots because the percentage of .anf. ca d" v 0 ed 
to border rows decrees as the number of rows per plot increases. 

became £S k" vy M ?* '"k^ ^ ^ " ,CUlators and "™P«« 
btc m t readilv d va,I„ble. row length ,n the United States w as varied to obtain 

simll aTh 3 fraCti ° n 0f an ^ (0nM - '—twentieth, etc o 

in.pi.iv the common ol plot yields to yields per acre. With use of colL 
for data summarization and analysis, this is no longer necessary ? 

Data Collection 

m ^n" ,erl ? ! etT ° r r " eiated With * C CVa,Ua,i0n 0f a Ch ™ " influenced 
b> measurement errors during data collection. For Characters evaluated visually 
experimental error occurs whenever the data collector fails to give an ideS 

establ shed r ad.ly by ra.mg a series of plots at different times and comparing 
the ratings. |, ls essentially impossible to give visual rating without error 
therefore the breeder must decide when the error is acceptable and when 
SO large that genetic differences wiU be masked 

Some characters can only be evaluated efficiently with the use of an appro- 
pnate machine or mstrumcnt. Experimental error can occur because 5 
to prepare a plot properly for measurement, of not ob.ainin* a represent* ivl 
sample ol the p ot for evaluation, of using nonuniform procedures ft S "n t 
preparation, and ol failure of the machine or instrument to operate pro* 7 

Preparation ol a plot for data collection may bevin before plantin- 'For 
expenmencal em, to be reduced, the seeds or plants of every genc^ SedX 
pLm.nu must be treated equally. ,f seeds or plants of genotypes ,o be^omparcd 



1 ^yjiBi jij.j|J!. 
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!o not come from a common environment, environmental error may result, Unr 
yield and seedling vigor of a cotton eulcivar were found to differ in plots crown 
:'rom seeds obtained from dilTcrem locations (Peacock and Hawkins, 1970k Seed 
source also has been shown to influence seed vield of sovbeans iFehr and Probst 
1971.) 

In some crop species, uniformity of plant density among plots can be im- 
portant in minimizing experimental error. With maize, k is a common practice 
:o thin yield test plots to a uniform stand soon after seedling emergence. Thinning 
s not considered necessary with some crop species, particularly those that have 
he ability to branch or tiller in response to low plant density, such as barley 
ind wheat. It also is a common practice with crops such as maize to record the 
number of plants per plot immediately before harvest. The yield of* the plots i* 
adjusted for plant density by an analysis of covarianee, to minimize experimental 
irror in che comparison of genotypes, 

When a blank alley is used at the end of row plots, the end plants generally 
.ire more productive than those growing in the center of the plot. When end 
slants are harvested, yield of the plot is inflated in comparison to the yield 
obtained from plants growing in the center of the plot. This inflation will prevent 
i direcr comparison of plot yields with those expected in a normal commercial 
Wanting, unless an appropriate adjustment is made for all plots. The adjustment 
nay be made by considering the alley as part of the plot area; therefore, plot 
ength is the distance from the center of one alley to the center of the next, 
nstcad of the distance between plants at opposite ends of a row. For example, 
f the length of row containing planes is 5 m and the alley is I m wide, the plot 
engrh for computing plot area is considered to be 6 m. 

The yield inlbttoii by end planes in 3 ploi does not contribute to experimental 
;rror unless genotypes in a test do not respond similarly to the space in the alley. 
The experimental error associated with differential response of genotypes to an 
illey can be minimized by adjusting yields according to characteristics of the 
genotypes that influence this response. The end plants of soybean genotypes 
vith late maturity give a greater yield inflation than do genotypes of early 
natuhty. Values have been developed with which to adjust plot yields for ma- 
urity of soybean genotypes (Wilcox, 1970). More commonly, comparisons 
imong soybean genotypes are restricted to those of similar maturity, unless plots 
ire end- trimmed before harvest. 

The only way to eliminate yield inflation by end plants is to remove the 
plants before harvest. This procedure, referred to as end-trimming, is a standard 
procedure with some crops. The end plants are removed late enough in plant 
Icvelopment that the remaining plants in the plot cannot take advantage of the 
:*tra space. The length of row removed from each end of the plot must be long 
•nough to include all plants that have benefited from the space provided by the 
'Hey. In soybean, 0.6 m is removed from each end of the plot (Wilcox. 1970). 

The problem of a blank alley is minimized in some crops by planting the 
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alley with rows of a single genotype perpendicular to the test plots. The result 
is that the plants at the end of a plot must compete with plants in the alley, and 
chus their yield may not he inflated as much as is the case with a blank alley. 
Plants in the alley are removed immediately before the plots are harvested. 



EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to compare genotypes are common 
to research in many disciplines. Others have been developed to deal with the 
prohlcm of comparing a large number of genotypes as inexpensively as possible. 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages oftesiing a few 
select genotypes. Alternative designs will be considered here for comparison of 
single plants, unrcplicaied genorypes in multiple-plant plots, and replicated 
genotypes. 

Single-Plant Selection 

The first evaluation step in the development of a cultivar generally is the selection 
of individual plants from a population. Individual plant selection also is employed 
in population improvement by recurrent phenotypic selection. 

When single-plant selection in a population is for characters with a high 
heiitability. the plnnrs generally are grown in a random order and those with 
desirahle characteristics are selected. Cultivarx may be grown in adjacent plots 
to serve as standards with which to evaluate single plants, Date of flowering, 
plant height, time of maturity, and certain types of pest resistance are examples 
of characters for which single plants arc selected without any predetermined 
arrangement of the individuals. They represent characteristics that are not strongly 
influenced by environmental variation. 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by .soil heterogeneity for characters with □ low her- 
itabiliry. such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity in an area where a population of plants may he grown. 11* plants 
with the highest yield are selected regardless of their location in the field, those 
in the area of above-average productivity will be favored. A plant with outstand- 
ing genetic potential that is located in the area with below-avcrage productivity 
may be discarded. Two experimental designs ate available thai" minimize the 
effect of soil heterogeneity by comparing plants that are most adjacent to each 
other, 

Grid Design. Gardner ( 1 96 1 ) proposed that the land area on which a population 
of individual plants is grown can be subdivided into blocks or grids of a limited 
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or orher characters with a low heriraMliiv 



Ho>wnb D<« gn Fasoulas (1973) developed a honeycomb deaien for se- 
eing individual plants in a population (Fig. 19-4). Five aspect, oHhe desi.n 
and Lts .mplementatum are unique, (a) Seeds or clones arc 5pa «d equidistant* 
from each other ,„ a hexagon patten,. The name of the design was choTn b™ 
*e hexagon pattern, resemble a honeycomb of bees, (b, Plums arc spaced tar 
enough apart that they do not compete with adjacent individuals. At the appro 
pnate spacing tor a .pedes, a missing plant does not influence the perforce 
or adjacent mdmduals, because each plant already has sufficient space rn wh"c h 

SrtSnT ?'! ^ (0 check cu.tivars can e , 52 

fo compar son. ,f dcs.red. Every p | ant of lne check is ^ „. 

group o plant, ,„ the population, (d) The size of the hexagon used to selec 
»ng c plants determine* the selection intensity in the population. The effect of 
soil heterogeneity -s minimised because only those plants within the area of the 
hexagon are compared <e> Every plant in the population is evaluated bv placing 

orrlol " ff C h ^ aS °"- A P ' ant is ch ^ n only if it is supenor'ro everv 
other plim in the hexagon. By moving the hexagon, everv plant is compared 
with a different group „f plants in the population. " 

Comparison of,h. Grid «nd Hontycon,!, Designs. Both the grid and honevcomb 

JZ S H k,^ r b ' Cm ° f h < in the selection of characters 

ot low heritability. n a comparison of the designs, the advanra.es of one arc 
the disadvantages ot the other, and vice versa. 

There are three primary advantages of the grid design. 

1. The spacing of plants does not have to be in a precise pattern. This 

v,r! 1? m k USC °f convenlion3 » Pl« equipment for planting and culti- 
vation Mechanized planting of the honeycomb desian would require 
specialized equipment. " 4 

2. Selection intensity can be varied by altering the number of plants in a 
block and the number of plants selected. Only certain selection intensities 
are possible with the honeycomb desisn. 

3. Use of a defined area foreaeh block facilitates visual comparison of plants 
tor se tenwn. It is possible to compare plants within a block visually and 
collect data only iron, those with the best potential. Use of the movin-> 
hexagon for the honeycomb design makes it impractical to compare each 
plant with appropriate ones in its hexagon: therefore, data must be re- 
corded tor even- plant, except those thai arc obviously interior. 

The honeycomb design has two advantages compared with the grid design. 
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1. Homogeneous check cultivurs can be included co permit comparisons of 
individual plants with a standard. When one-seventh of the plants are a 
check, they can be arranged so that every plant in the population can be 
compared with a check planL To provide adjacent plant* of one check 
cultivar in a grid system, one-third of the area would have to be devoted 
to the check. 

2. More than two check cultivars can be included readily in hexagons of 19 
or more plants, Use of" two or more check cultivars in the grid system 
would require thai a large fraction of each block be devoted to "check 
plants. 

Unrepealed Evaluation with Multiple-Plant Pkn$ 

Plant breeders routinely conduct visual selection among lines in unreplicatcd 
plots for maturity, disease resistance, standability. and other characters of high 
hcri Lability. Evaluation for yield in a single replication has been used to a limited 
extent to eliminate inferior lines before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other lines to determine its genetic potential, A number of different arrangements 
are available for estimating the genetic potential of lines. One method is to 
compare each line with ;i common check culrivar (Baker and JVtcKenzic. 1967). 
Figure 19-6 represents a hypothetical example of the yield of six lines in a single 
replication. In the figure, the yield of each line is expressed as a percentage of 
the yield of the check cultivar immediately adjacent to it. 

Another alternative is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted average is to minimize the potential 
problem caused by an unusually poor yield of a check plot. In Fig, ) 9-6, the 
check cultivar adjacent to lines B and C has a much lower yield than other check 
cultivars. This results in an extremely high percentage for lines A and B. The 
weighted average of cheek cultivars could be computed as 

yield of check two plots removed) 
= weighted average of check cultivars 



(:1 x yield of adjacent check) I (;'» 



The percentage yield of each line is compared as 

59 



Line A — 



Line B - - 
Line C = 
Line D - 



70 



(ft x 39) (:'- x 55) 
53 

51 



x 100 - 1 19 
x 100 (58 
x 100 = 126 



(H >■ 48) •!■ i : ' t y }V} 



— v 100 - H 3 
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cuJtivar 
plot 1 



55 



59 



Line Line 
A B 



ro 



Check 
cuMvar 
plot 2 



Line Line 
C o 



Check 
cuitivar 

plot 3 
I 
\ 
i 
i 
i 
t 
i 
i 



Observed yield, qiha 
39 53 57 43 



52 



Line Line 
E F 



47 



112 



273 

Chsck 
CultivBr 
plot 4 

i 
i 
I 
I 
* 

i 



42 



% of adjacent check 
107 ? 79 136 106 ios 

JSi 1 9 ' 6 a ™*enieiir of lints in a simde-replieation test. The 

pedormuncc oi each line .s computed as a pere^e of the performance of the 
common check culuvar adjacent to it. Line 6 would be considered the superior 



Line E =• 
Line F 



52 



(if x 48) + (i x 42) 

47 

(3 x 42) t (« y. 48) 



x 100 = 113 
x KX) = 107 



Another method used 10 compare genotypes in single replications is the 
movmg mean (Muk et al. . 1978: Townley-Smith and Hurd. 1 973). Each -enotvpe 
is compared with adjacent test genotypes, not with a check culiivar. " " 

The disadvantage of single-replication tests is that the breeder has onlv one 
plot value with which to assess the genetic potential of a line. If by chance a 
hne , s p| aw d on a p)w of wi | wjrh aoove _ averase pfoduaivi[y Mlative M ^ 
or plots w,th which the line is compared, it will sccra to be aeneticallv superior 
ev tfn though it may not be. In replicated test*, the breeder will have'more than 
one plot with which to evaluate each line. For this reason, sinele replications 
are not commonly used for yield evaluation. 

Replicated Tests 

Two or more independent comparisons of lines in a lest provide a means of 
estimating whether variation in performance among lines is due to difference* 
m seitetic potential or to environmental variation. Each comparison is as rep- 
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lication. Replication can be accomplished by growing two or more plors of each 
line at one or more locations or one plot at each of' two or more locations or 
years. 

Randomization. One important consideration in the arrangement of genotypes 
within each replication is the degree of randomization. From a statistical view, 
point, randomization of entries is required to obtain a valid estimate of experi. 
mental error. To fulfill the requirement, each entry must have an equal chance 
of being assigned to any plot in a replication and an independent randomization 
is required for each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for comparison of genotypes. They know that any experiment 
designed to estimate components of variance must be randomized. There ore 
circumstances, however, in which plum breeders do not use complete random- 
ization For the comparison of genotypes. Genotypes with similar characteristics 
may be planted next to each other to reduce interplot competition in unbordered 
plots. A nonrandom arrangement of genotypes among replications may be used 
to facilitate selection of genotypes before harvest. 

Nonrandom Arrangements ofGaiorypes. Any discussion of nonrandom arrange- 
ments or genotypes can be misinterpreted because it may imply thai randomi- 
zation is not an important principle. To avoid such misinterpretation, it should 
be stated again That nonrandomization should only be considered when resources 
are not adequate to make randomization fcasihlc. The discussion of nonrandom 
arrangements will include the reasons for their use, their disadvantages, and the 
ways procedures can be modified to permit effective randomization. 

Nonrandornization Among Replications. It is common to delay replicated tests 
for yield until genotypes have been visually selected in unreplicnted plots for 
characteristics such as lodging, height, and maturity. To reduce the length of 
time for cultivar development, the season fur evaluation in unrep heated* plots 
can be eliminated by growing genotypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation (Garland and Fohr. 1981).' When visual selection 
is based on the performance of genotypes in all of the replications, it is necessary 
to evaluate each plot, summarize the data, make the selections, and identifv the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characteristics of 
interest are nor expressed until plant maturity. Jf several thousand genorypes are 
randomized in two or more replications, summarization of data and identification 
of plot* to he harvested can be difficult or impossible to accomplish in only a 
few days. The use of the same arrangement of genotypes in each replication 
makes the job practical. 

When genotypes are in the same position within each replication, the data 
for plots of each genotype are recorded in adjacent columns (Fig. IV-7). Sum- 
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Figure 19-7 Field book pa^es for recording the data of genotypes grown in 
three replications. Nonrandom arrangement of genotypes involves one paee, 
whereas a random arrangement involves three separate sections on one or more 
pages. 
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the comparison of genotypes. et ' il " Ve elfec,s on 

' unbor *«<' Plots, intergenotypic competition can bias the perfomnncc 

n em. When a poor competitor is bordered by a U ond competitor v^M 
o* .he poor competitors be reduced and ,L of r e Zd l^ i 0r 
.needed ,„ every repletion. There is no opportunity fo a ~ to 
occur net co others * i th a more simiIar ^ ^ ,J « tno ** * 
~ In unbordcred plots, u genotype rha, die, or is unusually 'weak in all 
rephcanons can prevent the accurate evasion of adjoce u^no^ 
The performance of adjacent ,.et,o,ype. would never be tested Xi " 
cat,ons where they »ere next to hcalrhv -cno.vpcs ' 
3. .No unbiased estimate of experimental error can be obtained. 

The need to use r.onrandomization of genotvpes anion- replications Ca „ h- 

equation, An efficient procedure would inHiin* ^ *- 

would have ,o be entered rapidi/in^t ™ - p ^vT^ rL^ 
da a mto an electronic records in the field an! decide Mv t onSn't 
■ nformatton to the computer. Computer programs would be ne «ied to « t 
■he data and make .selections on ,he basis of standards e.tab.ishec b the b ^ 

^r ,,0n in '' 0rma,i0n ,brSdeClCd beaded 

~ of genotypes 

• «* cannot be ™, paro d u Jth the same level of confiden * G oC 

JT ? It ??f d ° Ser IO ° ther tha " Wpes » diS'lrou^s and 
arc fc* atlected by env.ronmemal variation 8m on ? plots * P 

The use of bordered plots eliminates the need for sroupin- -enotyncs The 
performance of ^notypes in plot, is not influenced £y irLr^^J^. 
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tition: therefore, randomization is practical. An increase in kind, <ced. and other 
resources will be needed tor replacement of uiibordered plot> wich bordered one*. 



Experimental Designs fhr Replicated Texts- The arrangement of genotypes in 
replicated tests involves primarily the use of either che randomized complete- 
block design or incomplete 'block designs. The Latin square is used only in 
special circumstances when the number of entries small (Cochran and Cox. 
1957), The honeycomb design can be used for replicated testing hut is considered 
too difficult to implement tor a large number of lines (Fasoulas, 1981), 

The differences between the randomized complete -block and incomplete- 
block designs relate to their ability to account for environmental variation within 
a replication. The two types of design differ in restrictions on the size of a 
replication, randomization procedures, analysis of data, and comparisons among 
genotypes. 

The terms complete- block and incomplete-block refer to the arrangement of 
genotypes in an experiment tHg. 19-S). A block and a replication are equivalent 
in a randomized complete-block design. A block contain* all of the genotypes 
in the test and is considered complete. Genotypes are divided into more than 
one block within each replication of an incomplete-block design. The blocks are 
considered incomplete because they contain only part of the genotypes. A number 
of different, rypes of incomplete-block designs are available f Cochran jnd Co\. 
1957). The most common types used in plant breeding are referred to as lattices. 
In a lattice design, a replication is divided into blocks that collectively contain 
all thti genotypes in a test (Fig. 19-8). 

The incomplete-block designs are intended to provide more control over 
environ mental variation within a replication than is possible with the complete- 
block design. The ideal situation for genotype evaluation would be to test each 
genotype in the same plot, thus avoiding any environmental variation caused by 
differences in soil fertility, moisture, and other factors within a field. This is 
not possible, so the next best approach is to adjusL the performance of each 
genotype according to the relative productivity of the plot in which it is evaluated. 
if one plot has better fertility and moisture than the average for all plots in a 
replication, the performance of a genotype in that plot will be adjusted downward. 
A genotype in a plot with lower productivity than the average will have its 
performance adjusted upward, 

Although individual plot adjustments are not possible, the lattice designs 
permit the performance of a genotype to be adjusted upward or downward 
according to the productivity of the blocks in which it was grown. The random- 
ized complete-block design does not divide the replication into smaller units and 
is not able to adjust the performance of a genotype for environmental variation 
within replications. 

The effectiveness of the lattice design in accounting for environmental vari- 
ation within replications depends on the pattern of variation, figure 19-9 shows 
two replications with variation in soil productivity, The soil productivity in 
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Figure 19-8 Lattice design for an experiment with 42 enrries and three rep- 
lications, (Adapted from Cochran and Cox, 1957.) For a randomized complete- 
block design, there arc nu blocks within a replication and the entries are assignee 
at random to the 42 plots. 



replication 1 increases from left to righi. The blocks of the lattice design ar 
arranged in a pattern that effectively measures the variation, as evidenced b 
differences in the mean for each block. The variation in soil productivity 1 
replication 2 does not tit a consistent pattern. Much of the variation occurs wit hi 
blocks, and the mean performance of the blocks is relatively similar. The lame 
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= soil with high productivity 
= soil with average productivity 



I | = soil with low productivity 

Figure 19*9 The effect of the pattern of variation in .sail productivity on the 
effectiveness of the lattiee design in accounting for environmental variation 
within a replication. The lattice would be more effective in replication I than 
in replication 2. 



design cannot adjust for differences in productivity within a bUick; therefore, it 
would nur. be as effective in replication 2 as in replication |. 

The effectiveness of the lattice design compared with the randomized com- 
plete-block is expressed as relative efficiency. Relative efficiency is computed 
as a ratio of mean squares for experimental error of the two types of design. 

Relative ^ mean square for erro r of lattice 

efficiency mean square for error of randomiyed cornplcie-block * U) ° 

The ratio is used to determine the number of replications that would have to be 
used with the randomized complete block to achieve a precision in detecting 
differences among the means of genotypes equal to time with a lattice design" 
A relative efficiency of 150 percent indicates that ,iQ percent more replication 
would have been needed with a randomized complete-block design than with a 
lattice. 
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The two types of design Jiftcr in the flexibility that is possible in a test. The 
randomized complete-block e,\in accommodate any number of genotypes or rep- 
lications. The lattice design require* chat a specified number of genotypes and 
replication* be included. For example, no lattice design can be used wirh 44, 
58. or 74 genotypes. There is no restriction in a randomized complete-block for 
the length and width of a replication. For example, a test with 72 entries could 
be planted 8 plots long by 9 plots wide or 6 plots long by 12 plots wide. The 
shape of replication for a particular number of genotypes in a lattice is not as 
flexible. A test with 72 entries could be planred 8 plots long by 9 plots wide, 
not 6 plots long by 12 plots wide. 

The randomization of an experiment and statistical analysis of data arc more 
complex for a lattice than for a randomized complete-block. This can be important 
if the work is done by hand, but not if done by computer. Computer programs 
are available that will readily accommodate cither type of design. 

EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number of genotypes is important for genetic 
improvement. Plant breeders have been actively involved in the development of 
equipment that permits them to evaluate more genotypes with equal or greater 
quality than was previously possible. The equipment ranges from simple hand 
devices to sophisticated computers. 

Each crop has unique characteristics that influence the type of equipment 
used. Even for a certain crop, breeders differ as to the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how large numbers of genotypes arc evaluated by plant 
breeders. 



Preparation of Seed for Planting 

The main steps involved in preparing a field experiment include packaging the 
seed and placing it in the proper arrangement for planting. Computers can be 
used to randomize entries and assign plot numbers, The computer system can 
prim an adhesive label for each packet of seed Lo be packaged. The label contains 
the plot number, the emry number, and other information of value tu the breeder. 
The plot and entry information also* can be printed on pages used to record data 
in the field. The same work can be done by hand, but would require a larec 
amount of labor and would be more subject to human error. 

Seed is counted by hand or by electronic counting devices. If the number of 
seeds for a plot is large and precise numbers are not required, the seeds may be 
measured by volume. 
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Rapid pluming of plots can be accomplished with engine-driven planters. Mul- 
tiple-row plots may he planted from a single packet when each row Joes not 
require the exact same number of seeds. The seed is passed through a divider 
that separates the seed into ;t fraction for each row. The divider may be a powered 
spinning device or a gravity system. 

The planter can move through the field without stopping. Seed i'or a row is 
placed in a container above a planting cone. When the row is to be planted, the 
container is lilted and the seed drops onto the planting cone. Two types of cones 
arc used to distribute seed along the row, For one type, the base turns and carries 
the seed to the outlet. There it is knocked from the base by a stationary plate, 
falling through the outlet to the soil. This type of cone is used for relatively 
small seeds that do not roll easily, such as barley. The second type has fins 
mounted on the center cone The seed tails onto a stationary base and is dragged 
by the tins to the outlet. The fins are well suited to relatively large seeds, 
particularly those that have a tendency to roll easily, such as maize and soybean. 
The length of a plot is a function of the distance traveled by the planter before 
all rhe seed has left the cone. At a constant ground speed, a cone must turn 
faster tor shore rows than for long rows. Adjustment of the speed nf the cone 
rotation can be accomplished readily by several mechanical .systems. 

While the seed for one plot is being planted, the seed for the next plot is 
put in the container above the cone. There are a number of ways to determine 
when the container should be lifted to begin a plot. One way is to mark the 
beginning and end ol" each plot in the field before planting starts. When the 
planter reaches the beginning of a plot, the operator lil ts the containers manually 
or electronically. The advantage of this procedure is that the location of each 
plot can be identified a.s soon as planting is complete. The second way is to use 
a cable extended across the field that lias knobs spaced along it. The spacing 
between knobs is eu.ua] to the length of the plot and the alley For plots that 
have rows 5 m long with a 1 m alley beLwcen them, the knobs would be spaced 
6 m apart. As the planter passes by the cable, the knobs signal when the container 
should be lifted manually, or it activates an electronic tripping device. The cable 
is moved after each pass across the field. Use of the cable saves time at planting 
by eliminating the need to mark the start and end of plots manually. 



ill 




Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding. The chemicals generally are those applied for weed control in com- 
mercial production of the crop. Cultivation equipment may be especially designed 
for use in research fields or may be the same equipment used commercially. 
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Turning of plats to a constant length before harvest is done manually or with 
pecml.zed equ.pment. Plots of small grains orally « trimmed Jo c« 
length early ,„ the season when the planes are about 30 cm tall A rotoX ™ 

rotot.ller may be mounted on a tractor or may he a self-propelled „ni *i 
person walk, beh.nd. Plots of soybean ean be cut to a coo^X" Z ^ 

they are .separated by a distance equal t0 the desired plot length and are dri en 
perpendicular to the length of the rows. b dnven 



If 



Harvest 

IlLTS C ° mnWn ?r ° f h , yrV ^ ter f ° r thc of forage yield in the 

Un, ed States » , selt-propelled flail chopper. The machine cur s the p.am I d, 
arota inB f, all that throws the cu, portion in t0 a coition point beh nd *e dri™ 

2 a SrJTi ° f a P 01 ^ be C ' 0 " CC,Cd ° P"»«c conuincr and 
con ^ , UP ,' n ,hL " f ' dd - T ° elimitial1 -- the requtred to u« 

contc ner» an clcctromc scale can be mounted on thc machine. The plant material 
a weighed and then it is discarded into a wa-on 

The harvest of plots for then-seed, is conducted with three different oro- 

r -shin S . The plant pun may be^^ 7or ^ 
machine. such as a mower with a option basket mounted heWoiSjcte 
the harvested sample may he threshed immediately or dried foVa SiSof ^ 
belorc , resh,ng, One popular type of stationary nLchine is ,h 

«vi o tSol'rh? I ^ m f hine * $ - freshed. For co^ 

type o staconary thresher, thc moienal passes through the threshin- cylinder 

" Sepi,ra r ' he T d and lhc p,am dL ' b ™ in bt ' Ih W or "»chii 

J he second procedure tor harvesting plots is to use a self-propelled thresher 
mto t he machjne ^ [hr0uj?h a thrcsh . ^ n =athc ed 

ted ^' r VeS ^ ThC ^ ^ Pl-ed into a /and 

wv«l or nwy be weighed immediately and discarded. Seed harvested from" self 

ff;i^r ,y is more subject » — - - ^ 

«f small plots. A commercial u „„ ,s used only when thc amount of seed harvested 
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trom a plot is relatively large and is not saved for planting. Modifications of the 
commercial combine include reduction of rhe number of rows harvested and the 
addition of equipment for weighing the seed. 

Data Collection 




Lsualiy-a number nl characters are measured on each ptof. such as heieht 
standabiluy, and yield. The dara may he recorded in a Hold book, then manually 
entered into the computer for statistical analysis. Alternatively, the information 
may be recorded in an electronic data collector and transferred dircctlv to the 
computer. This saves time and reduces the possibility of human error- Plot and 
entry designations also can be recorded on labels that can be read into the data 
collector by an electronic scanner. 



Data Analysis 



Computers facilitate the seleaion of lines by summari/inp rinra in whatever 
manner is beneficial to the breeder. They save an extensive amount of time 
minimize human error, and permit data to be summarized in a short period of 
time. 
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ABSTRACT 

numher of hvpcUrtabte loc , d Z ? ' d '" of P",™"* 5 ^'stemmed from the use o( an ia.sMffid.nt 
error and ma ca, « * ^ " ct^^' ' ^ ^ * ^ «» or by hbonwory 
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iy TERMINATION of parentage is fundamental to 
*S the study of reproductive and behavioral biology 
I he increasing availability- of highly discriminant ge- 
netic markers for many diverse species provides lite 
potenttal to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage whc rc 
genealogical relationships arc unknown, in error or in 
dispute, 

Identification of parent progeny relationships in wild 
populations of animals and plants provides insights into 
the success of various reproductive strategies (Ell- 
strand 1984; Smousk and Meagher 1994; Aldurson 
et ot. 1999) and has allowed for the implementation 
Ol management programs to conserve genetic diversity 
(Miller 1975; Rannaia and Mountain 1997) The 
association of pedigree with physical appearance or per- 
iormance m domesticated animals and plane allows 
parents that have contributed favorable alleles lor desir- 
able traits through selective breeding programs to be 
identified (Bowers aod Meredith 1997; Sefc d al. 
1998; Vankan and Faoov 1999). These applications of 
associative genetics facilitate further progress in genetic 
improvement through breeding. Establishment of par- 
emage « also aseful ro smim legal right? of guardian- 
ship m humans, to help protect intellectual property in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks of fish, and lo ideniily 
provenance of meat thai is available in supermarket 
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(Gotz and Thallek 199S; Primmkr «r ,d. 2000- Whttk 
et al. 2000). 

_ Most studies of pedigree have utilized exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the identity 
of die mother is not in question; die maternal profile 
.s subtracted from that of the offspring and ..he deduced 
paternal profile is then compared with candidate lather 
genntypes (F.u..sT R ANn 1084; Hamrfck and Schnabel 
U85). Individuals who could not have contributed the 
paternal genotype arc excluded; the remainder arc pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the basis of exclusions exhibited by at 
least two unlinked and independr.it loci. This criterion 
of exclusion reduces the likelihood ol'a false declaration 
of nonpaternity on the basis of marker results that are 
actually due to mutation within the phytogeny. Bkin a 
al (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at mciosis leading to uniparental in- 
heritaiice. A requirement tor at Irast'three independent 
exclusions it, declare nonpaternity in humans has also 
been instituted (Gijnn a aL 1997). In sU xdii* of natural 
pop.ilat.ons of animal,, or p| } ,m. s whrre numerous par- 
ent-progeny triplets are examined ii is usual to accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall tt al. 1998). Paternity testing has been ex- 
tended to situations where DNA from either parent is 
unavailable. For example, paterniiy can still be estab- 
lished in circumsuintcs where the putative father is de- 
ceased but his parents are still alive (Hki.minen el at. 
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1991; Bockki. ff f. l!H)LM. ( -hakkakurvy *r «/. (IW4) 
demonstrate that pau-n.iiy can be determined in cases 
where the mother is unavailable Pur testing. Unc r/ 
uL (1903) partially reronstmrted the ON A profile of a 
missing crocodile parent using profiles of the mother 
and progeny. 

Chakkakouiy et al (1988) and Smou.sk and Mkaghkr 
(1994) report that reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed from the use of an insufficient 
number of independent hypervariable loci. Odicr statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexektded male 
(Berrv and Cetsser l&8<»; Meagher 1986; Meagher 
and Thompson 1986; Thompson and Mkacwr 19S7- 
Devlin etai 1958; Berry 1991). Marshall etal (1998) 
draw attention to the quality of data that is encountered 
practically in genotypic surveys. Maternal genetic data 
may or may not be available, data mav be absent for 
some candidal* mule*, data m;iy be missing for some 
loci m some individual*, null allele* exist, and typing 
errors occur. Reconstructing or validating- the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phytogenies can reveal appar- 
ent exclusions that masquerade as iion-Mcndelian in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcTossing." Therefore., many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, diere are numerous (and often vcrv similar) 
pedigrees. The effective Dumber of marker loci that can 
discriminate between alternate pedigrees is proportion- 
ally reduced as parents are increasingly related. Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inbreds than those inbrcds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances whore there is a prion 
information for ar. least one of the par ents (usuallv die 
maternal parent). Limited availabiliivof marker lociand 
the lack of very high-throughput, genoiyping systems 
offering inexpensive datapoint costs may have focused 
research on studies that involve relatively 'few individuals 
and where there is at least some a priori indication of 
parentage. Studies that have been conducted without a 
priori information on paremagr include species where 
reproductive behavior renders identification of the ma- 
tenud parem iWtiuiku. mipo»s,l>le. Examples include 



ihmr undertaken on birds that practice brood parasit- 
ism (AuiKRstw « at, l9y<J) or extra-pair copulation 
( WierroN H al. 1992) or on species such as the wombat 
1997)^° dlMlC,llt l ° obscm ' Uu * wild (Tavlou a al. 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree, l-im, molecular marker 
technology are rapidly developing and will allow nu- 
merous loci to be lJ1>c d for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity ot larger-scale studies of pedigree can be expected 
withm the plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follow* 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology thai can be used to quantify the probabil- 
ity of parentage of hybrid genotypes. We focus on par- 
entage because ius the primary ftinw nrpiihlishfirt litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
10 residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory error, The methodology has a 
numher of advantage* (i) h can accommodate large 
datasers of possible ancestors (hundreds of inbreds or 
hybrids each profiled by > 100 marker loci;, (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, <iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
bcUvceu many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize {Zea mays 
L.) hybrids using simple sequence repeat (SSK) marker 
profiles for34 maize hybrid's together with their parental 
and grandparental genotypes included among a total 
of 586 inbred lines. The methodology is applicable to 
(he investigation of parentage for all progeny developed 
bom parental mating without subsequent generations 
of mbreeding. 

MATERIALS AND METHODS 

Algorithm: Consider an index hybrid whose parciliafl* is 
unknown or m dispute Inbrcds in an available database are 
possible ancestors of the hybrid. The objective is to find the 
pmUibiliiies of closest anntsiry for CT rh inbred on the basis 
of infoniiauon froiu SSRs from the indrx hvbrid and the 
inhrcrk There is no reason ro trim the HnuW h V rrmovw 
inbreds thought to be unrelated to the index hvbrid became 
rhcir l;ick of relationship will be discovered- 

Consider a pair of possible ancestor inbred / and inbred 
./. Ihetc ii nothing special about this puuiuihu pair as all 
pan* will be treated similarly. The process involve* calculating 
the probability that inbreds land /are in the hybrid's ancesirv 
i retrain ij; the* kn iL II ^us oi inbieds in ihe lUiinbahf. 
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ioEV '^"'.''"^'rillm. m fives' rule (,.*, Btkhv I'M.H. 
19%). I. or /ISSR.S, ,r,,ul for the (posterior) pwhs.Mli.v 
that ,anclyarc ancestors of the index hybrid give,, «hr Inform* 
t.on Iran, the various SSRs. Let P(/, j) .„ ilnr | fo r t(u . , mr(mrli . 

™ , C ° r . l' n ° , ; ) P»>'*'""'.v <>f Mini- even,. Finnllv. 
P(S.SRsl,, y> « th,- probability of observing ,| w various S'SU 
leauiis u m met , and / are ancestors. BayesT .uie says 

/U/SSRs) = pr.5SRilt;) x IV.V/llrtXRslu, „> x „)j, 

where the sum irw.hr denominator is over nil pairs 0 r inbreds. 
indexed by Hand u. J\$S*a\Lj) x p ( ;. /) Ls onc ofthe Krnu 
in the denominator. (To compute the denominator i„ the 
ahove expression, fix a particular order to the inhrcds in the 
database and rake „ < 0 in expressions In^King the, pail (,/ 
tO- II thee are 586 inbrcds. for example. ih^Uw nu.,,^ 

586(58/)/2 tt 1/1.991.) Inbred, i and j may be parents or 
gnndparenl. or other type, of relations or bear no relation- 
ship .at all to the hybrid, ir there „rc more than two ancestor, 
in die database, such as both parents md a |i f(im ffran(1 p ar . 
«iu. then i die possible pairs involving these ancestors \vitl 
generally have the highest posterior probabilities. If the hy- 
brid » true parents are in the database, the,, as a pair ihev will 
qrpially Jiave the behest overall posterior probability, tf'horh 
» and ) happen to be related to one particular patent of the 
hybrid, then as a pair their posterior probability „;n be low 
became they will not usually aeeount for many „f t j le alleles 
that are contributed by the other parent of the hvbrid 

C;""* "no-prior-information" assumption th,, 
PC a, v) .5 the same for all pnm <„, „). l his imp|i( £ ^ (hj 

factor is cancelled Horn both numerator and denominator in 
the abov;e expression. giving: 

PUflSSRs) = P(S$Rsli,;)/2P(SSRsiu. v). 
The problem i s then to calculate a typical P(S$Rsl«, />. Assume 
inbred* , and/are both ancestors. We calculate the probabi™ 
of ..berang die resulting hybrid under thin assumptmn We 

tahr^ O nT mpti0n u, about rc,f,ti0 "^ip 5 among the various 
inbrcds. Other possible ancestors will be considered implicitly 
in the calculation by allowing dieir alleles to be introduced 
through breedings with / and / However, the nature of such 
breedings ,s not specified. Suppose inbred f, alleles are (a, 
b . fcach descendant of inbred i receives one of these two 
alleles ; or not. An immediate descendant receives one with 
probabihiy 1 (barring mutations). A second generation de- 
scendant receives onc of them with probability 0.5. And so 
on. Since degree of ancestry (if any) is unknown, ivc label the 
actual probabj .ty of passing on one of these alleles to be P. 
Warty, an allele from inbred/has been passed down to the 
hybrid or not. and the probability „f the former Ls P. In the 
following P™ll be taken u> equal 0.50, although we will also 
consider P = 0.00 in some of the calculations 

Assuming P = 0.50 is consistent with the closest ancestors 
m Uie database being grandparents. However, we are not 
interested in grandparents frr M If the closest ancestors in 
the database were parents, then as indicated above P should 
equal 1 (ignoring mutations and laboratory errors). Our oi i- 
mary concern i, when the parents are not in the database In 
dm case Pis no greater than 0.50. Assuming P - 0.50 is robust 
over the middle range of possible values' of P. One wuv in 
which ,t ,s robust is if (here may be mutations and laboratory 
errors, ,n which case P would have to he <l. Taking P to 
equal 0.50 levies little penalty against.-, particular pnirin which 
there is an apparent exclusion from direct parentage, There- 
fore taking Pto be <i mean, that if the true pa,^* are in 
the database then they will m ,i I* ruled out if there happen 
to be mutations and labmaloiv emirs. And if the closest micev 
tors m the database arc move remote than grandparents ihev 



HIS 

are likely; to be identified heea.is,: eh<-v will usually have the 
(.•west mismatches of the lines considered 

Uhen i and j are ancestor .here arc ln„r powibilities; (1) 
I e al el<:s of both ,„br«fa i ianrl ./were passed to the hvbrid 
(.') u.hred , „mc through (>,„ llot i.^r^.i /, (»,) inl)r e , 

,T Sh '• l,t n0l . inb ' C ? '• (4 > Urcd cam/ 

aoS^ptpTl"^'^ 
u.M, .ill of these probabilities equal 0 9 5 

An instance of the law or total probabiiitv (Sec. 5.3, B„ RV 
1Mb) » that d,e probabdity of obs,. m „g a hybrids alleles is 
the a».mgc of the condmonal probabiiitv of this event civen 

d ,ec t y fro.,, both inbreds, the probability of observing the 
hvhrid 15 c,thcr 1 <>«■ 0 de P endi,, S on whether the 

both inbrcds arc homozygous.) The other three Cases require 
an assumption regarding the possibility that an ir.bred's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. Wc regard such 
an alkie as being se eeted from alfw™ alfclcs^hSbiN 

total number of alleles known to exist at the locus in question 
An alternative approach would be to use the allelic propurl 
Uo,* mat are presemi,, d,e dataha.se (or in another dataha.se). 

K^^'* " '", ' hc < Hf" bMC mn >' not bc ra "<»<«»ly 
hi^Mu mI ^ a "v P"P» ""on. For example, a line that has been 
high y used m breeding would have „u,„y derivudve lines in 
d lc database, .,, which case the frequr.ncirs of i* allele., w1 | 
be artificially inflated. Assuming equal probabifiiie* for the 
various allc cs at a given locu, is robmt in Lhe sense that it is 
not affected by addnigand dropping lines from the database 
l here are many cases co consider when compudng the 

probability of Observintr a hybrid's alleles, dependir.^ „, the 

7ygos.ry of the hybrid and the inbrcds, and allowing for the 
possibdity of missing alleles or "extra alleles" in the aJessment 
of the hybnd and inbred genotypes. These possibilities are 

All the exampta have homozygous inbreds, the most common 
rase. And each of the three hybrids has two alleles, again the 
most common case. We suppose that the meawred alleles for 
three SSlfe and a pardcular trio of hybrid and ancestor inbred, 
are as we have indicated in Table I. 

for . SSR 1 there arc three known alleles, one in addition 
to allele* „ a ,,d b d.at are listed for the three lines (hvbrid 
inbred and mbred ; ) i n Tabic I. For SSR 2 and SSR 3 
there are cwo known alleles in addition to those listed. The 
calculanons in the right half ol Table 1 will now be explained 
Iu>phcit,ncalculatir 1K P(aSRI/, ,) istheassumption-renuired 
m both the numerator and denominator of Saves' nile— that 
inbreds , and ; are ancestors of d.e hybrid. Consider SSR 1 
fn case 1 above, htjth ancestors' alleles (as measured by the 
laboratory process) are assumed to pass to the index hybrid 
and so m this case die hybrid is necessarily «t The probabiiitv 
or obscmng the actual hybrid's genotype is 1 for rase 1, as 
slirnvn ,n table 1. In rase if. we assume tha, i„hred fs aIHe 
piLvses to the hybrid but inbred/* do«.s „< >t . l„ cJ eed. U,e hybnd 
h« an a a lele. The probability of observing a h as the other 
alleles (/(number of alleles) - 1/3, as shown In Table I 
Uk i is similar. In case i. neither ancestor allele is passed 
to the hybrid: die probability of obscrvini; the hybrid's -enu- 
type (or niy Imterostyxmi* genorvpe) is 2(l/S)('l/3) -°V9 
Since P- 0,i>C>. the overall (unconditional) probabiiitv in the 
rishimost column (17/30) is the simple ave.a-e of the lour 
cases, as indicated in Table 1. 

For SSR 2 and SSR 5 the calculations arc similar. For SSR 
2 (here ,s some evidence airainsr pair (>. /) beitur ancestors 
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Probability of observing a hybrid's alleles using uW sample SSRi and four possible combinations (cases) 
of alleles passed, assuming thai inbreds i and ./ are ancestors of the hybrid 



Probability of observing tht: 





hybrid's genotype 




nsc 1 


GiscS 


Case 3 


Case 1 






/, / 


not (, n<?£ y 


1 




1/3 


2/9 


0 


1/5 


0 


2/25 


0 


0 


0 


2/3(5 



v , — Overall 

cor, mi u w , , , CnSC ' C;, * cS Casc3 Clsc 1 probability 

alkies Hybrid Inbred i Inbred/ i, j i, nut j not /, j not i not j P( S$R| 4 /) 

1 3 

2 3 M 6fr CV 

3 b «i rc 



SSR, .simple ^ecjutrnce repeat marker profile?. 



17/36 
7/100 
2/144 



but it i.s not conclusive. For SSR 3 there is even Jess evidence 
favoring pair (i,y). It would not take many SSR* with evidence 
similar to that for SSR S to essentially rule out this pair— 
provided chat other pairs arc no: similarly inconsistent. 

To find the overall /^SSRslff, j), multiply die individual 
/fSSRIi, j) over lht< various SSRx. There are purely comptiia- 
tion.nl issues rt) address. F.arh P($&k\i,j) is a number hcrween 
0 and I. When there are a great many SSRs, the product of' 
these numbers will be wnish burly small. To lessen problem* 
with coiiipuuuioiiiil underflow) for each SSR we multiply 
P(SSR!u, v) by the same constant for each pair («, t>); the 
inverse of rhe lnrgesr possible Mich probability. For example, 
since 17/36 is the largest probability For a heterozygous hybrid 
at an SSR having [hree alleles (us is the case for SSR I in 
Table 1), wc multiply all factors P(SSPUI Uj v ) by 36/17. To 
eliminate remaining problem* with underflow, wc do calcula- 
tions using logarithms (adding instead of multiplying) and 
take amilogs at the end. 

The probability P(SSR\u, v) U calculated for all ( u, o) pairs 
and summed over all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: This 
gives Lhe denominator in the expression for P(i, ylSSRs). 

To determine the probability that any particular inbred,, sav 
inbred 4 is the closest ancestor of the index hybrid, sum 
/*(SSRI/, i;) over al! inbreds v with v =/ i. Call this y^/ISSRs). 
Tlie maximum of /'(j'ISSRs) for any inbred i is 1. Bui since 
there is one closest ancestor on each side of the family, rhe 
sum of P(/l$SRs) overall inbreds us % (f there is a particular 
pair (i,y) for which flfty'LSSRs) U close to 1 then both WSSRs) 
and P(j\$SRs) separately will be close to 1. 

SSR data: DNA was extracted from 54 maize hybrids and 
from 58(5 maize inbreds. All uf the hybrids and most inbreds 
are proprietary products of Pioneer Hi-Rrcd International; 
some important pub! irly bred inbred lines were also included. 
The inbred parents and grandparents of each hybrid were 
included within the set Of inbreds. Other inbreds thai were 
genoryped include many that *rc highly related by pedigree 
to parents and grandparents of the hybrids. The hybrids were 
chosen because each has a pedigree chaL is known to us and 
collectively they repr esent a broad array of diversity of maize 
gcrmplasm thor is currently grown in the UnitcdScat'cs ranging 
from early to late maturity." 

A total of ltf5 SSR loci were used in this studv following 
procedures described in Smith rt ni (1097), but modified as 
described below. SSR loci were chosen on rhe basis that thev 
individually have been shown to have a high power of discrimi- 
nation among mai?e inbred line* and collectively chcy provide 
for a sampling ofdivcrMiy for each chromosome arm. 'of these 
SSR loci, the followmu numbers (in parentheses) were located 
on individual maize chromosome* a* follows: 1 (3">), t> (^tij 
5 (22). 4 (20). 5 (lt>), b (!)), 7 (6), $ (IS), 9 (12), im d 10 



(14); 17 SSR loci have nor. yer been mapped. The corrections 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci co be assayed are available at website hap:// 
ww^.aLjroii.im'sSwuri.tidu. All primers were designed to:ume»l 
and amplify- under a single set of conditions for PGR in 10 ja! 
reactions. Genomic DNA (10 ni») was amplified in 1.5 m\i 
M : .;C1, ; 50 mM KCI. 10 m.M Tris^CI (pH 8.3) using 0-3 units 
AmpliTaq Gold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was fluores- 
cently labeled) at 0.J 7 u M and 0.2 mM dNl'Fs. This mixture 
was incubated at 95° for 10 min (hot stare); amplified using 
45 cycles of denaturation at 95 tt for 50 see, annealing at 60 u 
for 50 sec, extension aL 72° for 85 sec; and then lenuinalecl 
at 72" for 10 min. A water bath ihermoeycler manufactured 
at Pioneer Hi-Bied International %vas use<I ft)r VCR reactions. 
PGR products were prepared for electrophoresis by diluting 
S nl of each product to a total or 27 u.1 usintr a eombiiraiion 
of PGR products generated from other loci for that same 
maize genotype (mulriplexing) and/or dH20. Dilution of 1,5 
u.1 of this mixture to 5 u.1 with #el loading dye was performed; 
it w W then clcrtrophorescd at 1700 V for 1,5 hr on an AIM 
model 377 automated DNA sequencer equipped with GENE- 
SCAN .software v. 3.0 (PE-AppHed Biosys terns, Foster City, CA). 

PGR products were sized automatically using the "local 
Southern" sizing algorithm (Elder and 'Southern 1987). 
After sizing of PGR products using- GeneSean, alleles were 
assigned using Gcnotypcr sofnvnrc'(PE-AppUcd Biosy«item)!i). 
Generally, allele assignations for each locus were made on 
rhe basis of histogram plots consisting oF0.5-bp bins. Breaks 
between the histogram plots of >1 bp were generally consid- 
ered to constitute separation between allele bins however, 
other criteria, such as the presence of the nOi item plate- 
directed addition of adenine (-J-A addition) and naturally 
occurring Ubp alleles, were used on a rnarker-by-marker basis 
to define rhe allele dictionary. All allele scores were made 
without knowing the identities of the maize genotypes. 



RESULTS 

Table 1 pre-senLs the probability of closest ancestrv of 
the top five ranking inbred lines tor each of 5 hybrids 
at P - 0.50 (Table 2A) and P= 0.99 (Table 2B). Proba- 
bilities of ancestry arc shown for all M hybrids and the 
top ranking- inbreds in Figure 1: P = 0.30 {Figure la) 
and P = 0.99 (Figure lb). Results for the hybrids pre- 
sented in Table 2 arc feature tl at the top of Figure 1. 
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TABLES 

Probability of ancestry of five hybrids usinff data obtained from 50. 100, and 195 SSR loci 



50 100 loci 



Hylxl. I,,l«l. p ro b . & : t „| x| p ro|> ^ 

...,-„„, A - Assi'mius f = 0.30 

D2P2 0.1016 0.1038 D1P2 0.1359 0*^5 

0 P2 0.0907 0.0327 SPI . 0 oo"4 

Pl o- 032 0.0125 Din 0.0009 oiooos 

3525 S off« ™- 7 Si °- M99 <K-» 

O.oloo E-0/ P2 0 5437 <rfr «>rt 

DIPS 0.1699 E^)7 DIPS Slw Slo 

OPI 0.1441 E-07 OPI E-07 fT« 

OP2 0.0110 E4)8 SPI E.07 

3556 P ' h0m f 0.9999 F-10 

P2 0-0616 E.08 P2 0 9997 E0 

SSL °- 0043 E" 09 D2P2 E-05 t 

D2P2 0.000S E-K) D3P2 E-06 f,17 

3905 £S 01 P1 °-*«» « 

DIPQ A?r^ DIP2 °- 2321 0-0617 

?9 P " f'HZ D2P2 01317 0.0372 

P2 O.Ooby L-07 PI 0.0197 0.005S 
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When the algorithm used P « 0.50, the two correct 
parents ware, identify as highest in probability for 4S 
(S9%J hybrids (Figure I), for each ot'b hvbrids 
5*3P05. 3RRM, 3S>R And XOSHriA)! „,„. purt.i 

ranked in the top two places. The other parent was 
supphmird «iihrr by ;i sister inbred or by an inbred that 



was a direct progeny of i,h;u parent. Overall, 10'J (5)4%) 
of 108 parental inbrerts were correcily identified. For 
hybrids where both parents ranked first or second, the 
range of pn,b;ihiliiies for parental lines that ranked (irsi 
from among »H odier inbred* racked from 1. 0000 to 
0,9997; parental lines ranking second ranged Irnm 
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1 .0000 to 0.%53. For 35 hybrids, both parents hart pror> 
abilities of ancestry in excess of O/JlVj, Probabilities of 
ancestry for nonpatents that ninkcd in fust or second 
places were (rout 0.9999 to 0.7054. For Hit* majority of 
hybrids, the probability of the third and highest ranked 
nonparental inbred was at or below E-06. This indicates 
thai there is usually very iitdc uncertainty about closest 
ancestors. 

When the algorithm used P = 0.99 to examine each 
of the 54 hybrids, both parents were correctly identified 
for 52 (96%) of hybrids and for 98% (102/104) of the 
parents across all hybrids (Figure 1). Two hybrids (3914 
and X0915A), in which one parent was not ranked in 
the top two, were also in the subset not ranked in the 
top two assuming P = 0.50 (above). In both cases their 
ranks improved (both to third rank) and the -Actual 
parent was supplanted by an inbred that was a direer 
progeny of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cess of 0,999. Among the 5 hybrids having a parent 
ranking second with a probability of ancestry below 
0.99ft, the lowest of these probabilities was 0.8976 and 
the highest probability for a third ranking nonpatent 
was 0.1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was ;u or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more: than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ~3-5% of 
loci can stilt be segregating and unintended pollination 
from genotypes riot designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per Iocils 
can be scored when DNA is extracted from a bulk of 
individual plants and because inbred parents arc not 
homozygous due cither to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two al {etas per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles pet- 
locus. Consequently, standard errors in the case of ana- 
lysing daw from 1<)5 loci tend to be very small because 
there were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was -scored for more 
than two alleles. 

Marshall etai ( 1998) have drawn attention to errors 
that can be encountered in genotyping siirvevs. Thtrse 
errors include missing data, null alleles, and typing er- 
rors. We therefore investigated the robustness of the 

algorithm by «xaminin^ the effects of modifications irk 
the data for five hybrids (34J7, 3525, 3556. W05, and 



3t>40). First, we reduced the number of SSRs used, from 
the full set of 195 to 100 and thru to 50 (Table K ±). Use 
of 50 loci generated incorrect rankings of one parent 
lor each of two hybrids ("417 and 3940) and lor both 
parents of" one hybrid (390!)). All of these most highly 
ranted nonparcntal iubreds were closely rented to the 
true parents for each of the respective hybrids; *i* differ- 
ent inbred lines were involved ..Four were direct progeny 
of the true parents (one with additional backcros.se's 
from the true parent) and two were full sisters (from a 
cross of highly related inbreds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 390f>. Atl lour nonpatents 
were closely related u> the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with addidonal backcrossing to that parent) and 
one was a full sister of the true parent. Use oFdata from 
all 195 loci corrected the placement for one of the 
parents of hybrid 3905. Two iubreds that were not par- 
ems of this hybrid remained ranked more highly than 
one of the true par-ems. Both were direct progeny of 
that parent, and one of diese inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratory and other 
sources of error, wc artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by rnisscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). We also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summary of the results of making these 
modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to creote subsets of 50 and 100 loci. In each case, 
the program was run 20 times for each hybrid/set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these daia in the hybrid and all inbred 
lines at levels of % 5, I 0. and l J!5% of the alleles for each 
of five hybrids and all inbreds bevond the level of error 
as originally scored by the laboratory. We examined the 
efforts of these levels and types t>\ error for three siz.es 
of database: 50 loci, 100 loci, and all 195 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 3417, 3525, 3556. 3905. and 3940. One of these 
hybrids (3905) was chose it because one of its parents 
did not. rank among the top iwo phu.e.s even when the 
complete and unmodified data from all SSR loci were 

user 1 

Examples of robustness in the fvicc ol'addiLional error 
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for live hybrids usiu^ subsets of f>0 and 1(H) loci and 
loci air .shown in Tabic 3 where numbers ol* parvus 
ranking inio the top two places ar<r presented. Degrada- 
tion in tlu: preferential raiding of parent inbreds at a 
level tif 2fi% additional missing data was shown for one 
hybrid (8535) with usa^c of 50, 100, or all SSR loci. 
Degradation in the preferential ranking of parent in- 
breds at a level of 25% additional m Scored data was 
shown for hybrid 3556. When boil* additional levels of 
missing and misscored data were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred for all hybrids and for all sees of SSR (50, 100, 
and 195 loci) except for hybrid 3-117 wh«n data front' 
195 SSR loci were used. Over all hvc hybrids, use of 100 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four hvbrids 
(3417, 3525, 3905, and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

VW also ranked inbred* according to their probability 
of ancestry- of hybrids when both patents and all inbred 
derivatives and fnlf-sisrer iubrcds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results arc too voluminous to present here 
but can be summarized as follows; Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hybrids; probabilities ranged from 
0.4976 io 1.0 and most were above 0.9999. Other classes 
of inbreds that ranked in first position for probability 
of ancestry were inbreds derived directly by pedigree 
from a grandparent of die respective hybrid (OGP) for 
13% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(OGCl 1 ) For 9% of hybrids, and one class (2% of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the great-great-grandpar- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as follows: Thirty-one (57% of hybrids) were a grandpar- 
ent of the respective hybrid, 11 (20%) were classed as 
OOP, 7 (13%) were OCGP, 1 (2%) was class DGGGP, 
and 4 (7%) were a great-grandparent (GGP) of the 
respective hybrid. Over all hybrids, two of the four 
grandparents ranked into first and second posidons for 
23 (43% of hybrids); three grandparent ranked into 
the first three posirions for 5 (9% of hybrids). There 
were no instances where all four grandparents ranked 
into the first four positions. Thirty' hybrids had a grand- 
parent ranked into first position using P = 0.99. The 
number of grandparents ranked into the top five posi- 
tions was 93 (compared to 108 when /' = 0.50). The 
number of grandparents ranking into the top two posi- 
tions was 55 (compared to 71 when P - 0.50). The 
mean probability of a grandparent that ranked into the 
first two positions was 0.9288 (SD = 0.1454) when P = 
0.50 and 0.9980 (SO r= 0.0104) when P - 0.99. 



DISCUSSION 



The prevalent use of paternity indices demonstrates 
that it is advantageous to have explicit probabilities of 
ancestry to distinguish among different pedigrees. Mo- 
lecular marker profiles arc rapidly becoming more ex- 
tensive and n«t effective to generate. Features\hat would 
advance tht? statistical analysis of molecular marker data 
to provide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestry where there 
is no a priori information as to the identity of one (usually 
the maternal) parent and robustness in the fVn;e oflabo 
ratory error. 

Maize inbred lines and hybrids provide a very exacting 
set of material* for evaluating the discriminatory abilities 
of molecathir data an d statistical procedures that are 
employed to interpret, those data. Hundreds of maize 
inbred lines of known pedigree together encompass a 
great diversity and complexity of pedigree relationships. 
Some inbred lines can be very highly related and grnHi- 
ailiy similar due to their derivation from common par- 
ftnragft including from parents that are themselves highly 
related. Consequendy, relationship categories such as 
"sister" or "parent" when applied to mar/e inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of gerniplasm and molecular marker profile simi- 
larity than those of the cquivalently named classes of 
relationship for animal species. Most maize hybrids that 
arc widely used in the United States today are con- 
structed from pairs of inbred lines that are unrelated 
by pedigree, each inbred parent having been bred from 
a separate u pooP of gerniplasm. Various degrees of re lat- 
ednfcss are possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents. 

Using P = 0.99 in the algoridim is more specific for 
identifying parents than using P~ 0.50. However, P = 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm waa run at P - 
0.f>0 there were (> hybrid* for which one parent did not 
rank among the top two most probable genotypes. For 
the remaining 4tf hybrids the correct parents were iden- 
tified even in circumstances where other candidate in- 
breds included not only full-sister lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid. Tor each of 
the f> hybrids where a nouparem ranked above a true 
parent, that higher ranked inbred was alwavs cither a 
sister or progeny of the outranked true parent. The 
range of pedigree relationships as expressed by the 
Malccot coefficient of relaiedness (Mai.kcot 19-18) that 
was encompassed by pairs of true parents and more 
highly ranked inbred relatives of the true parents was 
from 0.8390 to 0.9680. A coefficient of 0.8390 approxi- 
mates a relationship between inbred A and A' where 
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inbred A' has been bred from u cross of inbreds A and 
15 \vi;li between one and two additional baekc n^rs of 
the parental inbred A. A Malecoi coefficient of relation- 
ship ol O.'jeyO cUxscly approximate* a relationship lx> 
iween inbreds A and A" where four additional back- 
crosses of parental inbred A follow the initial cross of 
inbreds A and tt. 

Running the algorithm at P« 0.99 in comparison to 
/> - 0.50 raise* the probability of anew uy for the pareim 
while diminishing the probabilities for the third and 
lower ranking candidate inbred lines. Use of the algo- 
rithm at P - 0.99 increased both the percentage°of 
hybrids with both parents ranked in the first lW o posi- 
tion* (from S9 to 96%) and ihc percentage of parental 
inbreds that were ranked first and second (from 94 10 
98%). Two hybrids (3914 and X0915AJ did not have 
both parents ranked first and second when the algo- 
rithm was run at /* = 0.99. For both of these hybrids 
the nonparental inbred that outranked the true parent 
was itself a prodttct by pedigree from the true parent 
that had been created by an additional four backcrosses 
of that parent; the Malecot coefficient of relationship 
between the parent of die hybrid and the inbred that 
outranked that parent for these two hybrids was 0.9636, 
Robustness was tested by evaluating the effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing and misscored data up 
to combined levels of 25% error beyond that which was 
provided by the laboratory, From our experience, error 
rates of 5 to 10% can occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity amon<r seed lots and by deficiencies in die scoring 
of hctcrozygotcs in hybrids. The additional levels of 
.simulated error, therefore, include values (up to ~35% 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 50 to 100 (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds diat were not parents of a hybrid out- 
ranked the true parent from Tour to one- Nonetheless, 
all of these more highly ranked inbreds, although thev 
were not themselves the true parents of the respective 
hybrid, were either direct progeny or full sisters of ihe 
true parent (Table 2). Consequently, if such degrees of 
error can be toleraced in respect of pedigrees for inbreds 
that arc identified as parents of hybrids, then SSR data 
from 50 loci of equivaleni discrimination ability are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up ro 10% additional levels of 
either missinsr or misscored data: no degradation in the 
ability to identify a parent was apparent up to the level of 
10% additional error except for 10% additional missing 
and misseorrd alleles for one hybrid (3!>S>5; Table 3). 
However, use of 100 lori increased the proportion of 

true pai-en« Lhat were: correctly iHonrilWl iVnm 
(for 50 lori) ro 71% (mean correct parents over all 



levels of error; Table 3). Use of data from 193 loci 
provided i{ renter resiliency against additional level* of 
error. However, use of data from 195 loci was unable to 
prov,de resiliency gainst tlu; negative effects of adding 
combined levels (ai35%) ofboth missing and misscored 
data ( I able 3). At the 25% level of additional poor data 
integrity, inhrcds thai were not related to the true parent 
ol rhc hybrid outranked the true parent for four of the 
live hybrids. Levels of missing or misscored data should, 
therefor*, be kept below 1^0% (turning a level of 
5-10% en or in the data we analyzed prior to'simulacinff 
additional error). 

We have previously examined the pedigrees' of in- 
breds that are ranked into the first two positions when 
the true parents are removed from the list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents iheti rank most highly (data not pre- 
sented) . We therefore examined the unkings of inbreds 
with respect to their rankingaud probability of inclusion 
m the ancestry of each hybrid after the removal, not 
only of the true parents, but also of the progeny of the 
true parents and any full sisters of the true parents, In 
these circumstances the grandparents of the hybrids are 
ranked predominantly into top positions. Using F = 
0.50, a grandparent ranked into first position for 10% 
hybrids and into second position for 57% hybrids; with 
P = 0.99 a grandparent ranked into first place in' 56% 
of hybrids. At P = 0.50 two grandparents ranked into 
Hm and second positions for 43% hybrids and into the 
first Lhree positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top two 
positions were progeny of the grandparent. A total of 
10S grandparents ranked into the top five positions 
when P = 0.50; 93 ranked into these positions when 
0.99. Seventy-one grandparents ranked into the top two 
positions when P = 0.50; 55 grandparents ranked into 
these positions when P = 0.09, The mean probability 
oi a grandparent in die top two position* was 0.9288 
(SD 0.1454) when P = 0.50 and 0.9980 (SI) 0.0 1 04) 
when P - 0.99. Our algorithm was written to identify' 
pairs of ancestors; alternative algorithms could be tai- 
lored to identify all grandparents once parents had been 
identified and removed from die Rsi; of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show ' probability of 
parentage in circumstances where the a priori pedigree 
identity of neither parent is known. Exclusions arc taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles that are examined. Het- 
erozygous candidate parents ran be aecominodatrd. 
The number of loci that Li necessary to provide a reliable 
basis of determining pedigree is dependent upon the 
Hnrrr* ov .^later.In^ among parents and nonparencs 
and upon the discriminatory ability of the marker sysiem 
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i the speccs of mterest. Using /> * „. 9t> comp ^. e(1 „, 

/ ■ - 0.o0 prekTemially idcmilkd ,„ t „ v m ,c parent* *„,! 

w.th a greater difference of probability to third pl^cd 
»' «hcrc i* readable a^uruuee that .'hr 

parents are among the candid** lis, of inbred., then 

P - O.yy should be used: if greater robustness is r- 

quired, then P = 0.50 should he used. 
Applications of our algorithm include the identifica- 

Kon of pedigrees union* individuals of plant or animal 
jpeces where molecular profile data*ets exist that can 
I* interpreted in terms of segregating allele, at individ- 
ual marker loci and that provide a sufficient power of 
domination Capabilitie, l0 ^nerate large dad«e» 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. On c fimher application^ 
our algorithm i* to assist in the protection ofintcllectual 
property that is obtained on plant varieties or upon 
specihe dams or sire, of animals through the determine 
tion of pedigrees. 
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